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ON THE STRUCTURE OF ANAEROBIC BACTERIA 
A. BlgENECKI 

Institute of Microbiology, UJ3.S.R. Academy of Sciences 
Received for publication August 2 , 1944 

Our notions concerning the structure of bacteria lag considerably behind our 
knowledge in other fields of cytology. In the course of the last thirty to forty 
years the study of the ceU has resulted in a series of most important discoveries 
and has led to the creation of such new, independent branches of cjrtology as 
cytogenetics and cytophysiology. But investigations leading to the exposition 
of the nature of different cellular inclusions have not yet been completed for 
the cytology of microorganisms. The small dimensions of the cells, the rapid 
changes of their structures in the process of ontogenesis connected with an 
accelerated growth and propagation, as well as a series of other reasons, make 
it difficult to study the structure of bacteria. 

It is probable that there exists a dependence between the physiological pe- 
culiarities of microorganisms and the structure of their cells, that is, the prin- 
cipal functions of the microbe must be reflected in detailed cytological pecu- 
liarities. A different structure of the cells must correspond to a distinct physi- 
ological specialization. 

So it is from the point of view of theory that, taking into account the present 
condition of cytology, these peculiarities of the bacterial cell structure remain 
unknown. 

In our investigations of the structure of microbes we used the comparative 
morphological method which permitted us to determine a gradual complication 
of the nuclear apparatus of various representatives of the MyxobacteriaUs and 
to note some peculiarities in the structure of the Etibacteriales (ImSenecki, 
1940). Continuing our investigations we compared the structure of aerobic 
and anaerobic bacteria which form spores. 

Among sporogenous bacteria, chiefly aerobic varieties have previously been 
studied (Guilliermond, 1908; HoUande, 1934; and others). And if the struc- 
ture of cells of spore-building anaerobic forms was studied, no peculiarities 
whatever were noted by many workers. In works dealing with the cytology 
of microbes the structure of bacilli in general is described withoutjiifferentiating 
between aerobic and anaerobic species. Meanwhile, on the basis of theoretical 
considerations, one could suppose that the character of the metabolism had to 
lay its imprint on the structure of the anaerobic cells. 

We may point out a series of morphological symptoms according to which it 
is sometimes possible to distinguish aerobic bacteria from anaerobic ones. 
All these symptmns, however, are casual and therefore have but a relative value. 
Here Aongs the biological peculiarity of an undoubtedly adaptive character of 
forming filaments and chains of cells composing the films which are formed in 
cultures of aerobic sporogenous bacteria on Uquid me^^ This symptran loses 
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its significaaoe for tiie aerobic species which do not form chains of cells and 
films. 

Further let us note that the aerobic bacteria have a greater cdl diameter 
^ than the anaerobic species, the vegetative cells of which are usually thinner and 
more refined. A change in the outlines of the cells during spore formation 
specifically, the production of clostridial and plectridial forms, is more often 
observed in the anaerobic species. All these symptoms, beiag variable, cannot 
be used for the differentiation of aerobes from anaerobes. The specificity 
of interest to us should be searched for in the finer peculiarities of the structure 
of the ceils themsdves. 

The data reported in this paper are of a preliminary character; a more de- 
tailed amdysis of the described facts will be given later. 

CTTOLOGICAL INVESTIGATIONS 

Aerobic and anaerobic sporogenous bacteria were submitted to a comparative 
study. We took the following aerobic species : BaciUua mycoidea, Bacilltia tumet- 
cena, Bacittua megatherium, BaciUua meaentericua, and BaciUua ellenbachenaia. 
As representatives of the anaerobic species we examined obligate anaerobes 
which usually do not develop on the surface of solid media under ordinary con- 
ditions. They were Cloatridium aporogenea, Cloatridium perfringens, Clostridium 
amylobacter, Clostridium acetobutylicum, and Clostridium putrijkum, as well as 
mesophilic and thermophilic varieties of sporogenous bacteria which decom- 
posed cellulose. Moreover, we examined two strictly anaerobic species of bacilli 
freshly isolated from horse dung; thereby the cytological analysis of these labora- 
tory cultures was completed by the study of bacteria isolated immediately 
from nature. 

Tbe cultivation of aerobic and anaerobic bacteria was effected on media of 
the same composition. The media used were flesh peptone agar with glucose, 
liver agar with glucose, and potato agar. For c^iflose-fermenting bacteria 
we used special media the composition of which was given in a previous paper 
(Lngenecki, 1939). 

Aerobic bacilli were cultivated on the surface of media, anaerobic ones in 
agar “columns” or on the surface of solid media in metal exsiccators from which 
the air had been pumped out. The cells were examined microscopically from 
cultures 2, 3, 4, and 6 days old. 

The most characteristic peculiarity of the structure of aerobic bacteria is the 
presence of bodies consisting of lipoproteins. They represent bri^t spheric 
inclusions well distinguished in unstained cells. The lipoprotein corpusdes, 
being small in young cells, become larger in older cultures and, when increasing, 
often unite. Then the corpuscles form the shape of the figure eight apparently 
preceding the division or fission of the corpuscles. Owing to the ptesence of 
inclusions, the content of the cells of aerobic baeflli has a granular aspect; 2 
to 4 bright corpuscles of different dimensions may be seen in the cd||^ On 
solid media containing ^ucose or starch, mclusicnus may readi large sixes and tibe 
cell seams to be filled with th^. 
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The lipoprotein inclusions in the unfixed cells are dissolved by acetic acid 
or acetone and not dissolved in alcohol, ether, or chloroform. The corpuscles 
are stained well with paro-phenylenediamine and with Sudan III. By the 
staining of fixed preparations with the usual methods, the large lipoprotein 
inclusions are not stained, and empty places resembling vacuoles may be ob- 
served in the cells. However, a previous post vital treatment of the cells with 
picric acid or cc-naphthol easily permits staining the inclusions with basic dyes 
(fuchsin, gentian violet, or dahlia). 

The lipoprotein corpuscles consist chiefly of fats and lipoids, and represent 
structures in which reserve substances are stored. They disappear during 
starvation of the cells, but considerably increase in size when the bacteria are 
grown on media with carbohydrate. The formation of these inclusions is a 
physiolopcal phenomenon, and it differs completely from the appearance of 
granularity observed during the pathological splitting of the lipoprotein com- 
plex of the protoplasm (lipophanerose) which takes place because of different 
reasons. 

The corpuscles described may be observed in the cells of all sporogenous 
bacteria; it is the most constant intracellular structure. When studying the 
cytology of bacteria, investigators, unfortunately, are searching only nuclei 
and pay little attention to the inclusions in the bacterial cell, the dimensions 
of which are determined entirely by the state of nutrition. Because of the fact 
that lipoprotein corpuscles stain with basic dyes by some methods, and by 
fusing present pictures r^embling corpuscle division by amitosis, such bodies 
have often been considered nuclei. A number of investigators have described 
these inclusions as nuclei. (For comprehensive reviews of this subject, see 
Meyer, 1912; Knaysi, 1938; ImSenecki, 1940; and Lewis, 1941.) 

We shall give here but a short account of the inclusions so far as these inves- 
tigations have confirmed the peculiarities of the corpuscles described previously 
(ImSenecki, 1940). We shall emphasize that the lipoprotein corpuscles are 
structures most typical for aerobic sporogenous bacteria. They are to be found 
in the cells of all aerobic sporogenous bacteria investigated by us and are formed 
in the cells independently of the contents of the medium; on substrates rich in 
carbohydrates they increase in size. 

Let us now deal with the cytology of anaerobic bacilli. Chromatin in the 
odls of both aerobic and anaerobic bacilli is distributed diffusibly in the proto- 
plasm. Before spore formation the chromatin precipitates out from the cyto- 
{fiaem and forms a sanaU chromophilic corpuscle (prospore) which is gradually 
transfenmed a mature spore. The morphological changes corresponding to 
different staj^ of this process are by no means specific; the cytology of spore 
formation is ^ilar for aerobes and anaerobes. 

f majority of anaerobic sporogenous bacteria have slender cells; the lengths 
rods as a rule do not differ from those of the cells of aerobic species, but 
they are thinner. This ciuuracteristic, howev^, though marked, does not serve 
as a reliable criterion. 

During the microscopic examination of living cells of anaerobic bacteria. 
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both from young and old cultures, one notes the exceptional homogeneity of 
the contents of the bacteria. The cytoplasm of vegetative cells is homogeneous, 
opaque, and entirely devoid of lipoprotein inclusions. The results of observa- 
tions in vivo are confirmed by the microscopic examination of preparations 
stained by various methods. 

Neither observations of living cells, microchemical reactions, nor special 
staining permit observation of lipoprotein corpuscles in anaerobes. Investiga- 
tions were pursued with cultures of anaerobic bacilli grown on media rich in 
carbohydrates, but even in that case we could not confirm the formation of 
lipoprotein inclusions in the cells of either of the species examined. 

It should be noted that in very old cultures of anaerobes, cells are to be found 
with their contents fragmented into separate sections. In the cell we find 
from 2 to 5 granules which can be intensely stained. These morphological 
pictures, noted by us as pseudoplasmolysis, correspond to the dying off and 
decay of the cells and have nothing in common with the physiological storage of 
reserve substances. 

The absence of bright corpuscles in the cells of anaerobic bacteria and, on 
the other hand, their constant presence in the aerobic ones may explain why 
they have a different structure in certain phases of their individual develop- 
ment. Thus, the prospore forming in the cell of aerobic bacteria seems to 
drive the lipoprotein corpuscles back to the opposite side of the cell. During 
that period the brght inclusions accumulate in the part of the cell free from the 
prospore. The anaerobes, on the contrary, form the spore in a cell completely 
devoid of bright lipoid or fat inclusions during all the stages of that process. 
In that way, aerobic and anaerobic bacteria may be differentiated on the basis 
of their cytological peculiarities. 

Bbserve substances in the form of corpuscles consisting of fat and lipoids 
quickly accumulate in the cells of the aerobes, "irhe propagation of cells as well 
as the formation of lipoprotein corpuscles does not take place under anaerobic 
conditions. The necessity of aeration for the intensive formation of fat is 
characteristic not only for bacteria but also for yeast, such as some Endomycea 
and Torulopsia. The generation of corpuscles, representing a physiologic^ 
phenomenon, is connected with Hie storage of sources of energy; this is con- 
firmed by the fact that bacteria consume fat inclusions during starvation. How- 
ever, the lipoprotein co]q>uBcleB are used chiefly by means of oxidizing the fat; 
i.e., a process which, like the formation of these inclusions, develops most in- 
tensively under aerobic conditions. On the contrary, the oxidation processes 
connected with the consumption of fat inclusions, stored in the cells of the 
aerobes, cannot take place in the cells of anaerobic species of bacteria. The 
anoxibiontes have difficulty in consuming fat in the cell protoplasm. If we 
consider anaerobiosis as an adaptation effected 1^ aerobes, then the anaMbic 
bacteria were generated from aerobic bacteria. Anaerobic ccmditioirs nRror 
anaerobic forms with the metabolic peculiarities found in the absence of 14 ) 0 - 
protein inclusions. 

As is known, some sporogenous bacteria store carbohydrates (granulose, 
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starch, iogen) as reserve substances; their presence in the cell usually precedes 
the stage of spore formation. These kinds of inclusions chiefly occur in the 
cdls of anaerobic bacteria. The quantity of these reserve substances decreases 
during the process of spore formation, as may be distinctly seen in the case of 
the so-called Granidobader pectinovorum. Evidently the carbohydrates of 
anaerobic bacteria may easily serve as a source of energy, the more so because, 
as a rule, the storage of these reserve substances takes place in bacteria which 
are able to ferment analogous carbohydrates when present in their growth 
medium. 

The facts concerning the differences in structure of aerobic and anaerobic 
bacilli revealed by these investigations confirm the general statement that 
fimction in microbes is reflected in the structure of the cells. It is possible that 
further investigations will broaden our conceptions of this subject, and that 
other peculiarities of the structure of aerobic and anaerobic bacteria will be 
found, but the cytological characteristics described above permit the differ- 
entiation of these two groups of organisms. 

SUMMARY 

The comparative cytological study of aerobic and anaerobic bacteria which 
form spores has shown that their cytology is different. In the cells of aerobic 
bacilli, lipoprotein corpuscles, representing inclusions of reserve substances, 
are constantly present. Anaerobic bacteria do not contain such corpuscles. 
The generation of lipoprotein corpuscles, as well as the consumption of the fat 
contained in them, is closely connected with aerobic conditions of life. 
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Received for publication February 8, 1944 

It is common experience to have penicillin culture broths prove susceptible 
to bacterial contamination, this usually being accompanied by inactivation of 
the penicillin, Abraham and Chain (1940) have shown that certain bacteria 
produce an enzyme named penicillinase, which destroys penicillin. The penicil- 
lin resistance of some bacteria was ascribed to their ability to produce penicil- 
linase, but this explanation alone did not apply to other bacteria. Harper 
(1943) made acetone dried bacterial preparations suitable for the inactivation 
of penicillin to permit detection of sensitive organisms which otherwise would be 
inhibited during routine testing of infected body fluids containing penicillin. 
The penicillin-destroying powers of commercial clarase and takadiastase are 
due to their content of aerobic, sporeforraing, penicillinase-producing bacteria 
(Lawrence, 1944). 

The penicillin used in this work contained usually 100 to 200 Oxford units per 
milligram. 

Destruction of peniciUin by fuUy developed microbial cultures 

Bacteria. Several pure cultures of bacteria (table 1) were grown for 24 hours 
at 37 C in nutrient broth. Two species of actinomycetes, grown with shaking 
in yeast extract, were also included (Woodruff and Foster, 1943). The fully de- 
veloped cultures were adjusted to pH 7.0, penicillin was added to a final con- 
centration of 800 Oxford units per ml, and the mixture was allowed to stand at 
37 C for 2 hours. Residual penicillin was determined either turbidimetrically 
or by the Bacillus subtilis cup method (Foster, 1942; Foster and Woodruff, 
1943b). Table 1 shows that the ability to destroy penicillin is widespread 
among different bacteria, this property being particularly marked in the case 
of the aerobic sporeformers.' Thus, Bacillus cereus, Bacillus megatherium, 
and BaaUus mesentericus were clearly the strongest penicillin decomposers, 
destroying all the available penicillin in 2 hours. The destruction of all the 
penicillin by the two species of Actinomyces is worthy of note. Staphylococcus 
aureve H, the strain first used in penicillin work at Oxford (Abraham et cd., 
1941; Foster and Woodruff, 1943a), is extremely sensitive to penicillin action, 
yet it decomposed as much penicillin as Escherichia coli. Krby (1944) has 
sinoe idiown that extracts of resistant strains of S. aureus contain penicillinase. 
Also, althou^ Pasteurdla sp. is one of the most sensitive gram-negative rod- 

^ In some cases the dMtruction may not be significant due to assay inaccuracies which 
can have as much as 26 per cent variation (compare, e.g., 8. aureus FDA with control in 
table 1), but in most oases the destruction was beyond question. 
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Shaped bacteria to penicillin inhibition, it appeared to have considerable ca- 
pacity for penicillin destruction. The same is true of the very sensitive Micro- 
coccus lysoddkUcus. Such results re-emphasize the fin di n g s of Abraham and 
Chain (1940) about the lack of relation between resistance and enzyme formation 
by tire organisms. However, Mycobacterium tuberculosis, which is virtually 
insensitive to penicillin inhibition, is perhaps so because it is one of the most 
active destroyers of penicillin. 

Yeasts. These were treated the same as the bacteria except that 72-hour- 
old yeast extract broth containing 1 per cent glucose was used as the medium. 
In each of the following cultures, almost all of the 800 units of penicillin per ml 
initially present remained after the incubation at 37 C: Candida steUatoidea, 
Saccharomyces cereviseae, Schwanniomyces occidentodis, Torulaspora delbruecMi, 


TABLE 1 

Destruction of penicillin by various bacteria 


CULTUBi: 

PENICXLLTM ItSMAIK- 
INO 

Uninooulated control 

Oxford units per ml 

800 

P$eudofnon(i8 aerugifiosci 

670 

E» coli 

550 

Pasteunlla sp 

8, aureus H 

250 

550 

8, aureus FDA 

920 

Micrococcus lysodeikiicus 

430 

B, svbtilis 

130 

B, cereus 

0 

B, megatherium 

0 

B, mesentericus 

11 

Bacillus W 

340 

Mycobacterium tuberculosis* 

0 

Actiuonvyces lasendulae 

0 

Actinomyces aniibioticus 

0 




• Seven-day-old culture. 


RhodotorvJa rubra, SporoboUmyces roseus, Zygopichia califomica, Torulopsis 
menosa, and Zygosaccharomyces marxianus. 

Only two yeasts were fairly effective in destroying penicillin, Mycoderma 
valida and Debaryomyces guiUiermmdii inactivating 68 and 81 per cent, respec- 
tively. The approximately 20 per cent reduction observed in the case of most 
of the other organisms probably was due to loss accmnpa&jing removal of the 
odis during centrifugation. Probably diffusion into the cells and physical 
adsorption were responsible. 

Fungi. Tke fimgus tests were Binailar- to those willi yeasts except Hiat the 
fungi were grown with shaking for three days in yeast-extract ^ucose broth, 
«rd tte penicillin was added to the neutralized whole cultures. The fcdlowing 
fungi (the i^ority of them from Dr. Charles Thom) were tested: Aspergillus 






laCBOBIOIiOOICAL A8PBCTS OF PKNICILUN 


9 


flaous, AspergHlua dambua, PenidUium noiatum 77, P. notatum 832, PeniciUium 
ckrysogmum, Oliodadium deliqueacens, Momacm ruber, MoniUa sitopMla, 
Fuaariwn monUifonnia, Acrotheeium rdbuatrum, Spondylodadiurn xylogenum, 
Mucor ep., Helminthoaporium sp., Neuroapora sp., ChaeUmium sp., Paeeilomycea 
sp., Papuiaapora sp., Sepedonium sp., Dematium sp., Syneephdlaatnm sp., 
Baaiaporium sp., AUemaria sp., Trichoderrm sp., Metarrhizium sp., and Clado- 
aporium sp. As a group, the fungi were relatively weak in their penicillin- 
destrosdng powers under the conditions of the experiment. The slight reduc- 
tions observed in all except one culture may be ascribed to diffusion into and 
physical absorption by the cells. The single exception was Papulaapora sp. 
which, in three separate tests, destroyed 800 units of penicillin within 2 hours. 


TABLE 2 

Extracelltilar peniciUinaie formation by various bacteria in different media 


CULTtTKE 

i 

MEDIUM 

PENlCnXIN LEFT 

PENiaixm 

DESTEOYED 


None (control) 

units per ml 

36 

per cent 

W1 

Yeast extract 

11 

69 

W1 

Yeast extract + glucose 

25 

31 

W1 

Nutrient broth 

5 

81 

W1 

P. noiatum medium 

15 

58 

W3 

Yeast extract 

5 

81 

W3 

Yeast extract -f glucose 

31 

14 

W3 

Nutrient broth 

15 

58 

W3 

P. notatum medium 

34 

6 

164 

Yeast extract 

0 

100 

164 1 

Yeast extract + glucose 

28 

22 

164 

Nutrient broth 

0 

100 

164 

P. noMum medium 

0 

100 

184 

Yeast extract 

18 

50 

184 

Yeast extract + glucose 

1 34 

6 

184 

Nutrient broth 

34 

6 

184 

P. notatum medium 

1 34 

6 


Enzyme solution concentration • 20 per cent by volume; time •• 1 hr; temp <■ 37C. 


Production of extracdhdar penicillinase by BaciUua ap. 

BaeiUua sp. was isolated from a contaminated culture of PeniciUium notatum. 
The cells in four-day-old nutrient broth cultures of BaciUua sp. incubated at 
37 C were removed by centrifugation at 4,500 rpm. Seitz filtration was not 
used to remove the cells because it was shown that part or ^ of the enzyme 
activity may be lost by this, presiunably by adsorption. Microscopic examina- 
tion diowed that the supernatant was cell-free. This liquid actively destroyed 
penicillin. The enzyme solution containing 14 unite of added penicillin per ml 
was incubated at 37 C (pH 7.0) for various time intervals after which the solu- 
tions were pasteurized to halt enzyme action. Penicillin itself is little affected 
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by such heating (Foster and Wilker, 1943). Twenty minutes of^ incubation 
■w&ee sufficient for the destruction of all the penicillin present. 

ExirtueUvlar penicillinase formation by various bacteria in different media 

Table 2 demonstrates the comparative ability of four newly isolated but imi- 
dentified species of bacteria to produce extracellular penicillinase when grown 
in four different media. These organisms were isolated frOm contaminated 
penicillin-contmning solutions. Cultures Wl, W3, and 184 were aerobic spore- 
forming bacilli isolated by selective culture technique on penicillin-c(mtaining 
plates. Culture 164 was an aerobic sporeforming bacillus tentatively identified 
through diagnostic media as belonging to the B. subtilis group. Badllue 164 
clearly was most active when tested in 20 per cent concentration for 1 hour at 
37 C. In each case the presence of glucose in yeast extract broth greatly re- 
duced the penicillin-destroying ability of the cell-free medium as compared to 
plain yeast extract. 

Effect of sugars and penicillin on extrac^tdar penicHUnase formation 

This effect was studied more closely with culture no. 164. One-half of each 
of two series of media, yeast extract and yeast extract containing 1 per cent 
glucose, received daily a sterile penicillin solution equivalent to 5 units per ml 
final concentration. The other half received none. All were inoculated with 
culture 164, incubated at 37 C and duplicate samples removed daily for deter- 
mination of extracellular penicillinase activity. Each solution was tested 
against penicillin for 1 hour at 37 C in concentrations of 0.2, 2, and 20 per cent 
by volume. Table 3 confirms the reduction in penicillinase content of glucose- 
containing media. Also, penicillinase was produced by the bacteria just as 
much in the absence of penicillin as in its presence, and it may, therefore, be 
considered as a constitutive enzyme (KarstrSm, 1637). Enzjrme activity of 
sugar-free supernatant culture fluid was at a maximum within 24 hours. It 
declined slowly with continued incubation, but even after 120 hours an appre- 
ciable amount of enzyme remained. In the glucose media, maximiiTn activity 
appeared at the third day. Of other sugars tested, including mannose, galac- 
tose, lactose, sucrose, xylose, arabinose, and mannitol, only glucose and fruc- 
tose reduced penicillinase formation, and, interestingly, the fall in the pH of 
the medium was greatest in these two and in direct relation to the reduction in 
penioillinase activity. Thus, the glucose supernatant destroyed 22 per cent 
of the available peniciliin, and its pH was 5.2; fructose supernatant destroyed 
62 per cent, and its pH was 5.8. All the others destros^ed all the available 
penicillin, and their pH values were 6.1 or higher. Ihese results could not be 
due to a retardation of the action of the ensyme itself, since in each case the 
oi^yme solution was adjusted to pH 7.0 before testing. 

pH and extraceUvlar penidUinase formation 

This ai^iaient rdaticm between pH and the content of extracdlular penieil^ 
linase M to a in<»e detailed study. Table 4 shows tiie ^ect of initial pH on 
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formation of the enzyme in the presence of two different glucose concentrations 
in 16-hour cultures. SSrenson phosphate buffer at various pH levels was added 
to a final concentration of m/16. The results point to pH being the controlling 

TABLE 3 


Extraeelltilar penieillinoue production in glucose- and penicillin-containing cultures of 

Bacillus 164 




CONCEM- 

TIATION 


PENICILLIN DESTXOYED* 

lOBBtinf 

DAILY PENXCILLXK 

OT CBIX- 





ADDtTXOM TO MEDIUM 

TXSX 

ENZYME 

SOLUTION 

24 hr 

48 hr 

72 hr 

120 hr 




wlumi, 
per cent 

per cent 

per cent 

per cent 

per cent 

Yeast extract 

! 

20 

>76 

>76 

>75 

>76 


— 

2 

72 

71 

39 

24 

1 

1 

0.2 

21 

0 

0 

2 

Yeast extract 

5 units/ml 

20 

— 

>76 

>76 

>75 


5 units/ml 

2 

— 

>76 

0 

55 


5 units/znl 

0.2 

— 

0 

0 

0 

Yeast extract + glucose 

— I 

20 

32 

32 

69 

7 


— 

2 

21 

0 

12 

0 



0.2 

6 

0 

0 

0 

Yeast extract + glucose 

5 units/ml 

20 

— 

32 

>40 

7 


5 units/ml | 

2 

— 

0 

0 

0 


5 units/ml 

0.2 

— 

0 

0 

0 


* Initial concentration — 16 units per ml. 


TABLE 4 


pH and penicillinase formation 


INITIAL I>H 

(butixesd) 

NO OLUCOSS 

0.1% GLUCOSE 

0.5% GLUCOSE 

Final pH 

PenicilUn* 

destroyed 

Final pH 

Glucose 

left 

Penicillin 

destroyed 


I Glucose 
left 

Penicillin 

destroyed 

7.6 

7.7 

per cent 

100 

7.4 

mt/ml 

0.31 

per cent 

100 

6.5 

mi/nU 

(]).32 

per cent 

86 

7.1 

7.6 

100 

6.8 

0.20 

100 


— 

— 

6.2 

6.4 

100 

6.1 

0.31 

100 

6.5 

0.47 

10 

6.6 

6.1 

78 

6.8 

0.29 

100 

6.3 

1.79 

8 

4.5 

6.8 

65 

6.4 

0.29 


6.5 

1.89 


No buffer 

6.4 

100 

6,1 

0.28 

1 ^ 1 

6.6 

3.76 



* Initial oonoentration of penicillin ■> 20 units per ml. 


factor in extracellular peniciUinase formation by this organism. In no case 
was tl)^ .more than a trace of activity when the reaction was pH 5.5 or less 
although abundant bacterial growth (tid proceed at acidity values down to at 
least pH 5.3 as evidenced by viable turbidity and sugar utilization. In the 
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unbuffered control, in the presence of glucose, the pH fell to a point where it 
limited penicillinase formation, whereas in the buffered sets (5.6 or hi^er) acid 
formation from the glucose had no effect on enzyme production, due to neutrali' 
zation by the buffer. 

BaeUhts 164 is uninhibited in growth by at least several hundred imits of 
penicillin per ml of culture liquid at pH 6.0 or above, because under these condi- 
tions it destro 3 m the penicillin by virtue of penicillinase. However, when 
grown at pH 6.6, where it cannot produce penicillinase, the organism is defi- 
nitely subject to penicillin inhibition, growth being completely suppressed by 
10 units per ml. 

The absence of formation of penicillinase at pH 6.5 or less led to some attempts 
to suppress destruction of penicillin in contaminated Pentdllium notatvm cul- 
tures. These experiments were unsuccessful, since penicillin formation by the 
mold does not occur in such acid media (Abraham et al., 1941; Foster et al., 
1943). 


TABLE 6 

Pmicillinaae concerUreUion-time relationahip 


CONCINTKATION 

5 min 

30 min 

60 min 

120 min 

240 min 

volntM per cent 

99 

50 

100 

100 

100 

100 

50 

19 

100 

100 

100 

100 

25 

0 

100 

100 

100 

100 

12.6 

0 

95 

100 

100 

100 

* 6.3 

0 

69 

95 

100 

1 100 

3.1 

0 

47 

55 

100 

100 

0 

0 

0 

0 

0 

0 


* Initial content of penicillin =* 33 units per ml. 


Properties of extracdlvlar penidUinase from culture 164 

The concentration-time relationship of this enzyme solution (yeast extract 
medium) is given in table 6. A proportionality exists between the amount of 
enzyme and the rate of penicillin inactivation. Thus 3 per cent by volume of 
^zyme solution inactivated all 33 units of penicillin per ml in 120 minutes. 
Twice this amoimt of enzyme required only 60 minutes and 4 times this amount 
required just i the incubation period. 

TempeMure stability of penicillinase 

Aliquots of the cell-free enzyme solution (adjusted to pH 7.0) were allowed to 
stand 80 minutes in water baths at temperatures differing by 5 C frmn 36 to 
66 C. One treatment was run at 4 C. E^ozyme activity was then meaimred 
as ueual at 37 C with 44 units of peoicillin per ml {oesent initially. The enzyme 
was eqaqdetely destroyed at 50 C and alrave, whereas there was no loss from 
45 C 4 C! — at which temperature tlm enzyme is (^1^ for mcmtibs. 
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pH stability of penieiUinase 

Aliquots of the cell-free enzsnDoe solution were adjusted to different pH values 
with HCl or NaOH, allowed to stand 30 minutes at 37 C, neutralized and tested 
for enz3mie activity. Over a pH range of 3.0 to 11.0 the enzyme maintained 
its full activity. This wide range appears to be unusual for an enzyme. It was 
completely destroyed at pH 2.6. In purification studies the enzyme has been 
exposed to pH 13.0 for several minutes with no loss in activity. 

Temperaiure and penidUinase activity 

Enzymatic destruction of penicillin proceeded best at 37 C within the range 
tested (table 6). At temperatures below this, the rate of inactivation was sub- 
stantially retarded, being, however, definitely positive at 0 C. At 49 C the 
enzyme was destroyed. 


TABLE 6 

Temperaiure and penidUinate activity 


TEMPERATUIE 

PENICILLIN* DESTKOYED 


per cent 

OC 

9 

6C 

31 

24 C 

66 

29 C 

60 

37 C 

70 

49 C 

0 


* Initial concentration of penicillin ■> 40 units per ml. Enzyme solution concentration 
«• 5 per cent by volume; time =• 1 hour. 


pH and penicillinase activity 

The effect of pH on this reaction is given in table 7. Since penicillin is 
rather unstable in moderately acid and alkaline solutions, a duplicate series was 
prepared with boiled enzyme. The difference between penicillin content of 
the boiled and fresh enzyme solutions indicates penicillin destruction due to 
enzyme action. Penicillinase exhibits maximum activity between pH 6.5 to 
8 (table 7), over which range, incidentally, penicillin itself is quite stable (Foster 
and WUker, 1943). Thus despite its wide range of pH stability, penicillinase 
has a narrow pH optimum for its action. 

InhMtory action of peniciUin impurities on penicillinase 

Solutions of two different penicillin preparations were prepared containing 
125, 250, 500, 1,000, and 2,000 units per ml. Preparations containing 70 units 
per mg and 1,650 imits per mg (penicillin material) were used. To the above 
solutions, 1 ml of bacteria-free enzyme broth was added, and the tubes Were 
incubated at 37 C. Portions were removed for assay after J, 1, and 2 hours 
cf iaoubati.on; all samples were pasteurized before assay. It is evident (table 8) 
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that with equivalent concentrations of penicillin the em^^rme destroyed much 
more of pure penicillin than of the impure preparation. Thus it appears that 
the impurities in the crude preparation ^ve an inhibitory action on penicillinase. 
The effect is one of rate, since vdth prolonged incubation destruction of impure 
penicillin definitely occurs after two hours. This suggests the inhibition is of 
the competitive t 3 rpe. The effect of crude penicillin preparations on other en- 
ayme systems may have to be reinvestigated in this light. 


TABLE 7 

pH and penicillinate activity 


pH 

FKNICHXXK* IE7T» VtirtS/UL 

pENicxiLtN nssmoYsn 

Whole enzyme 

Boiled enzyme 

4.6 

13 

16 

ptr cent 

10 

6.0 

13 

16 

12 

6.6 

16 

19 

16 

6.0 

16 

21 

24 

6.6 

9 

26 

66 

7.0 

8 

22 

62 

7.6 

8 

21 

63 

8.0 

9 

20 

66 

8.3 

13 

13 

0 

1 


* Initial concentration of penicillin 25 units per ml. Enzyme solution concentration 
5 per cent by volume; time 1 hour. 


TABLE 8 

Inhibitory action of impurities on penicillinate 


VNin FKB lit or rXMICILtW DBCOUrOSED 


PENICILLIN AOOED 



70 unit/ms penicillin 

Crystalline penicillin 

(^unUs/nU) 


Ikr 

Zkr 


Ihr 

Zkr 

2,000 

0 

0 

600 

220 

720 

1,120 

1,000 

0 

80 

260 

260 

460 

580 

600 

0 

210 

400 

260 I 

310 

460 

260 , 

0 

160 

260 

146 

213 

250 

126 

21 

66 

126 

111 

125 

125 

125 and boiled enzyme 

3 

16 

72 

3 

33 

63 


Enzyme poisons 

A number of enzyme poisons were tested for their effect on pemcillinase action 
over a 1-hour period. Table 9 shows that sodium azide, io^acetic add, and 
EeGi were de^tely inhibitory to penicilUnase a^vity in concentratkms 
used (0.01 and 0.1 per cent) . The sli^t effect ot sodium fluoride is questionable. 
Cysteine itself umetivates penicillin (0.1 per cent in the boiled enzyme treat- 
ment). Tlie poisons themselves in the concmttratkais used were found to be 
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without effect ou the assay. Table 10 shows a mote detailed experiment on the 
inhibition of penicillinase action by iodoacetic acid over a 1-hour period. Even 
the lowest concentration tested, m/ 1860 , caused an appreciable reduction in 
destruction <ff penicillin by the enj^e. 

TABLE 9 

Effect of poisons on penicillinase 


PEKICILUN usrr, TTNITS PER 1CL 



Fresh cnsyme* 

1 Boiled tnrymt 

ConcentrRtions of poisons . . 

0.1% 

0.01% 

0.1% 

0.01% 


None 

0 

0 

60 

60 

Na thioglycollate 

0 

0 

51 

53 

Cystine 

0 

0 

51 

62 

Cysteine 

0 

9 

8 

50 

NaF 

7 

5 

41 

60 

NaNt 

39 

18 

69 

51 

Iodoacetic acid 

35 

20 j 

62 

61 

FeCls 

43 

13 

60 

44 



* 6 per cent by volume. 


TABLE 10 


Inhibition of penicillinase by iodoacetic acid 


IODOACETIC ACID 

PENICILLIN* DESTROYED, FEE CENT 

2 per cent ensyme solution 

10 per cent ensyxne solution 

m/18.6 

0 

0 

m/37.2 

0 

30 

m/186 

60 

56 

m/372 

34 

60 

m/744 

30 

64 

m/1,860 

26 

78 

None 

96 

100 


♦ Initial concentration of penicillin *> 40 units per ml. 


Activation of 'penicillinase 

PenicillmaBe apparently can be activated by sulfhydryl groups, since penicillin 
destruction was accelerated by sodium thioglycollate. For example, addition 
of as little as 0.01 per cent thi^lycollate led to a 50 per cent destruction of the 
penicillin by 2 volume per cent enzyme which alone faUed to bring about destruc- 
tion of any penicillin. When the enzyme solution was used in 10 per cent level, 
an increase from 64 up to 100 per cent destruction was observed. Higher 
concentrations of the tMoglycoUate (0.5 per cent) began to inhibit enzyme ac- 
lion. 
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PurifiaiMon studies 

Table 11 sinnmarisee a number of fractionation experiments directed towards 
ccmcentrating and purifying penicillinase. Aluminum oxide was a good ab- 
sorbent of the enzyme. High salt concentrations (m/1.5 phosphate) used as 
eluants gave practically full recovery in the eluate. Lower concentrations were 
unsatisfactory. The usual protein salt precipitants failed to precipitate most 
of the enzyme directly from the bacterial culture fluid, whereas alcohol did. 
However, the alcohol precipitate was subject to denaturation unless kept cold. 


TABLE 11 

Fractionation experiments on penicillinase 

nSATBCENT I 


szsutxs 


1 vol. alcohol 0 C 

2 vol. alcohol 0 C 

4 vol. alcohol 0 C 

1% tannic acid 

10% tannic acid 

1% lead acetate 

10% lead acetate 

Sat»d MgS 04 - 7 H ,0 

SatM (NHilsSO* pH 8.0 

Sat’d (NH 4 )*S 04 pH 7.0 

SatM (NH 4 )*S 04 pH 6.0 

1% norite 

10% norite 

10% norite eluted with 1% ethanol 

10% norite eluted with 1% acetone 

10% norite eluted with 0.1 n HCl ; 

10% norite eluted with 0.1 n NaOH 

10% norite eluted with m/ 1.5 phosphate buffer pH 7.2 

1% AlsO, 

1% AlaOi eluted with m/ 1.5 phosphate buffer pH 7.2 

1% AltOi eluted with 30% (NH 4 )»HP 04 solution 

Phosphate eluate dialysed against HjO 

(NH4)aHP04 eluate treated with equivalent amount of Ba(OH}t 


100% in precipitate 
100% in precipitate 
74% in precipitate 
None in precipitate 
None in precipitate 
25% in precipitate 
11% in precipitate 
55% in supernatant 
79% in supernatant 
78% in supernatant 
70% in supernatant 
60% absorbed 
100% absorbed 
None eluted 
None eluted 
1-5% eluted 
1-5% eluted 
1-5% eluted 
90% absorbed 
100% eluted 
100% eluted 
Less than 20% re- 
covered 
67% in filtrate 


Dialysis experiments repeatedly have shown that some or all of the activity 
disappears and cannot be recovered even if the residue and dialyzate are com- 
bined. Whether the enzyme itself can diffuse to a certain extent or whether an 
irreversible enzyme-coenzyme change takes place during dialysis is not yet 
known. 


SUMMARY 

The ability to destroy penicillin is a property widespread among bacteria, 
yeasts, and fimgi, with aerobic sporeforming bacteria and certain actinomyoetes 
being outstanding in this respect. Certain chemical and bkdogical properties 
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of extracellular penicillinase are described together with experiments relating to 
its formation by bacteria. 
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Penicillin production now is well known to be a property of different strains 
of PeniciUium notatum. Already, however, there are reports which indicate 
that the antibacterial powers of certain other mold filtrates can be ascribed, in 
part at least, to their content of true penicillin or of substances which act simi- 
larly biologically and chemically in all the properties examined. Although it is 
impossible to establish the identity of two substances with certainty unless they 
are available in the pure state, the weight of evidence built up from a number of 
different lines of approach, chemical and biological, can serve to establish identity 
or chemical similarity for all practical purposes. 

The instances referred to above are (1) the formation of penicillin by Pentctt- 
Hum chrysogmum (Smith, 1942), (2) the production of flavicin by Aspergillus 
fleams (Bush and Goth, 1943; McKee and MacPhillamy, 1943; Waksman and 
Bugie, 1943), and (3) the formation of gigantic acid by Aspergillus giganteus 
(Philpot, 1943) and parasiticin production by Aspergillus parasiticus (Cook 
and Lacey, 1944). P. chrysogenum is related to P. notatum, and penicillin for- 
mation is, therefore, not surprismg, althou^ it must be emphasized that, 
as in the case of P. notatum, not all strains within the species group produce 
penicillin and, moreover, they may vary greatly in this property (Clutterbuck, 
Lovell, and Raistrick, 1932; Foster, Woodruff, and McDaniel, 1943). It seems 
advisable that before naming newly discovered antibiotic substances they be 
proved dissimilar to those included in the rapidly growing list of substances 
already known. This is especially true now that more than one organism is 
known to produce the same antibiotic substance. For example, penicillic 
acid is produced by PenieiJlium pubervlum and Penicillium cydopium (Oxford, 
Raistrick, and Smith, 1942) and Aspergillus ochraceus, PenidUium thomii, 
and PenidUium suavolens (Karow, Woodruff, and Foster, 1944); citrinin by 
PenidUium dtrinum (Hetherington and Raistrick, 1931) and AspergiUua can- 
didus (Timonin, 1942); and the substance variously called clavacin, claviformin, 
and patulin is produced by AspergiUus dadforme (Bergel ef of., 1943), Asper- 
giUus datcAus (Hooper d al., 1944; Waksman et cd., 1942; Wiesner, 1942), PenieUr 
Uim patulum (Raistrick et ed., 1943), and Gymnoascus sp. and PenidUium 
mdArai (Karow and Foster, 1944). 

The rather wid^ipread oocunmioe of pmucOlin-destroying enzyme(s) in di- 
verse microbial species (Abraham and Chiun, 1940; Woodruff and Foster, 1944) 
which presumably are never eiqiosed to penicillin in nature induces the speculation 

19 
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that penicillm or penieilliiilike substances exist in and play a r61e in the metab- 
olism of organisms other than P. notatum. 

This paper provides further evidence for a more general distribution of penicil- 
lin systems by demonstrating the formation of penicillin, or substances indis- 
tinguishable from it, in cultures of five more fungi, namely, AspergiUus oryzae 
TP, AsperffiUits nidvlans, AspergiUus niger YW, Aspergillus flcmpes, and Penicil- 
Uutn citreo-roseum. The experimental evidence is in six categories: (1) solubility 
characteristics, (2) pH stabilities, (3) temperature stabilities, (4) antibacterial 
spectra, (5) penicillinase inactivation, and (6) in vivo therapeutic efficacy (one 
case). The amounts of penicillin produced in each case are small compared to 
good stnuns of P. noUUum; nevertheless, it has been possible to effect satisfactory 
concentrations. All of the above-named five fungi were furnished through the 
courteay of Dr. Charles Thom. More than one strain of each species produced 
antibacterial filtrates under these conditions; however, only a single strain was 
sdected for detailed study. 


EXPERIMENTAL 

ProdueHon of active substances. Each of the organisms {A. flcmpes Excepted) 
was tested for its ability to produce antibacterial activity in surface cultures in 
four different media: (a) Czapek-Dox, (b) Czapek-Dox with brown sugar in- 
stead of glucose, (c) peptone glucose, (d) com steep medium (Czapek-Dox 
plus 3 per cent com steep liquor). Incubation was at 25 C unless otherwise 
noted. Significant activity was produced only in the com steep medium, which 
greatly promoted growth in each case. The highest activities obtained, ex- 
pressed as the reciprocal of the dilution required for inhibition of Staphylococcus 
aureus H in nutrient broth, were: A. niger YW, 256; A. nidulans, 128; A. oryzae 
TP, 128; P. citreo-roseum, 128. Occasionally there was a titer of eight in some 
of the other media. 

Solvent extracMon and concetUration of the active agents. Active com steep 
broth was cooled to 5 C, acidified to pH 2.0 with HCl, and extracted with 2 
volumes of ether in a separatory funnel. The ether layer was quickly treated 
with Vff its volume of m/50 phosphate buffer at pH 7.0 into wMch the major 
portion of the penicillin passed. The cooled buffer was in turn acidified to pH 
2j0 and extracted with 2 volumes of ether from which the penicillin was again 
extracted with a 0.1 n NasCOi solution in a volume that of the original broth. 
The final pH of the NajCO* extract was about 7.3. Table 1 shows the activities 
c& the aqueous stages of the concentration procedure. The parallelism with 
pmucillin produced by P. notatum k obvious. Usually about 50 per cent re- 
covery was obtamed, althou^, in the case of A. oryzae, recovery was 100 per 
cent within the 30 per cent latitude of the dilution assay metii^. The solu* 
unity characteristics of authmtic penicilMn were identical under the above oon- 
.dttvms. 

/ sTbe tilght activity produced by A. orpzoe TP m Czap^-Dox medium be- 
,lai|Kfetd differently from that produced by the same organisni in com ste^ media. 
Tlte intibaotm^ fraction was cmicentrated and isolated as a pure crystalline 



MICBOBIOLOOICAL ASPECTS OP PENICIEUN 


21 


substance which was identified as kojic acid (6-hydroxy-2-hydroxymethyl-7- 
pyrone) . This substance was first isolated from cultures of A . oryzae by Yabuta 
(1912) who later established its structure (1924). The production of kojic 
acid by different species of AspergiUus was studied by Birkinshaw et al. (1931). 
Yabuta noted that bacterial growth is eliminated in the presence of more than 
0.5 per cent of the acid, and Friedmann (1934) showed that kojic acid is toxic 
for rabbits at 150 mg per kg. 

The last column in table 4 shows the amount of sodium kojate inhibiting 
pure cultures of various bacteria. There was imexpected specificity for the 
gram-negative bacteria as compared to the gram-positive ones as a whole. 
Invariably the group of gram-positive organisms listed has proved to be at least 


TABLE 1 

Extraction and concentration of antibacterial activity produced hy various fungi 


OtOAKlSM 

TISATUENT 

DUUnON fMHXBXTIMO 8. AUXXUS 

A. oryzae TP 

Original broth 

150 


m/ 60 buffer 

1,740 


NatCO* extract 

15,000 

A. nidulana 

Original broth 

100 

1 

m/ 60 buffer 

780 


NaaCOi extract 

5,000 

A . niger 

Original broth 

150 


m/ 50 buffer 

800 


Na*COi extract 

6,250 

P, citreO’-roseum 

Original broth 

40 


m/ 50 buffer 

400 


NajCO* extract 

600 

P, notcUum 

Original broth 

1,600 


m/ 50 buffer 

13,600 


NajCOi extract 

147,000 


as sensitive to numerous antibacterial substances as the gram-negative ones, 
and generally much more so. This reverse effect with kojic acid is, therefore, 
of special interest. 

pH stability of the actm fractions. The stability of the active agent in con- 
centrates was determined by allowing the concentrates to stand at room tem- 
perature for 2 hours at different pH values, neutralizing to pH 7.0, and reassay- 
ing (table 2). 

At pH 4.0 or less the activity was rapidly destroyed in the concentrates, a 
result wMch was comparable to the findings on the penicillin control. (See also 
Foster and Wilker, 1943.) 

ThermostabUity (tf the oxbve fractions. This was carried out at pH 7.5 for 
2 hours at 60 C and 100 C. 

The heat stahilities (table 3) were comparable to that oil petuoillin. Two 
hours at 100 C dcstrt^^ all of tlm activity in every case, and at 60 C, with 
the exception <d A. orytae in which case an assay discrepancy exists, the activities 
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were partially destroyed. In the case of true penicillin the concentration was 
BO high that despite a large loss some was still left at 100 C. 

Antibacterial spectra of the active fractions. The ability of the different prepa- 
rations to inhibit a variety of different gram-positive and gram-negative bacteria 
was tested by the plate streak method on brain heart infusion agar containing 
graded levels of the test substances. The dilutions differed by a threefold 

TABLE 2 

pH stability of antibacterial agents 


RESIDUAL PENICILLIN ACTIVITY 


pH 

A . oryzae TP 

A. nidulans 

A. niger 

P, citreo- 
roseum 

P. noiatum 

2.0 

0 * j 

0 * 

Ot 

Ot 

Ot 

3.0 

— 

— 

1,700 1 

— 

16,000 

4.0 

27 

0 

3,750 ! 

10 

76,000 

6.0 

— 


7,500 

40 

124,000 

6.0 

67 

38 

7,500 

— 

160.000 

7.0 


— 


— 

124,000 

8.0 

57 

27 

1 — 

40 

148,000 

Original solution 

75 

50 

7,600 

40 

147,000 


* Oxford units per ml. 
t S, aureus dilution. 


TABLE 3 

Thermostability of antibacterial agents 


ORGANISM 

ROOM TEMPERATURE 

w c 

100 c 

A, oryzae TP 

Exp’t. A* 

75 

84 

0 


Exp’t. B 

8,000 

1,460 

0 

A, nidulans* 


50 

40 

0 

A, niger 

Exp’t. A 

7,600 

1,700 

0 


Exp*t. B 

15,600 

11,200 

0 

P. ciireo -roseum* 


40 

40 

0 

P. notatum 


147,000 

97,000 

44,000 


♦ Oxford units per ml. All other values are expressed as dilutions inhibiting S, aureus. 


factor. An authentic penicillin preparation was included for comparative 
purposes. The results (table 4) are expressed as the ratios of the amount of 
active agents required to inhibit the various test bacteria compared to Staphylo- 
coccus aureus H taken as unity. 

It is evident that the substances derived from the five different fungi follow 
fairly closely the same pattern in their antibacterial spectra. Since the different 
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new agents were separately compared with authentic penicillin, the correspond- 
ing penicillin controls are given in each case. Although the absolute values 
were not always identical for a given test bacterium, they are well within the 
same order of magnitude, and the parallelism with true penicillin is clear. Those 
instances in which the figures are “greater than” represent concentrations which 
were the highest tested at that time. 

One organism in particular seemed to be out of line in repeated experiments. 
BaciUus cereus was 300 times more sensitive to P. citreo-roseum material than to 
authentic penicillin. There is evidence for the existence of a second substance 

TABLE 4 

Comparative inhibition*^ of different bacteria by active substances derived from various fungi 


SOUllCE OF ACTIVE SUBSTANCES 


TEST BACTERIA 

Authen- 
tic peni- 
cillm 

A. 

orysae 

tP 

A . nidu- 
Ians 

Authentic 

pcnuiihn 

A. niger 

Authen- 
tic peni- 
cillin 

P. citreo- 
roseum 

Kojic 

acid 

Staphylococcus aureus PI . , 

] 

1 

1 

1 

1 

1 

1 

mg/ml 

0.8 

Streptococcus pyogenes . 

100 

100 

100 

100 

100 

100 

100 

>1.0 

Streptococcus pyogenes MIT 

100 

100 

100 

33 

100 

100 

30 

>1.0 

Streptococcus pyogenes M. , . 

100 

100 

100 

100 

100 

100 

30 

>1.0 

Micrococcus MY 

1 

10 

1 

1 

3 

3 

3 

>1.0 

Micrococcxis lysodcikiicus . . 

3 

10 

1 

0.3 

0.3 

1 

1 

0.4 

Staphylococcus alb us 

1 

1 

1 

1 

3 

1 

1 

>1.0 

Staphylococcus aureus FDA 

1 

1 

1 

1 

1 

1 

1 

1.0 

Pneumococcus III ... 

33 

100 

33 

1 100 

100 

100 

30 

>1.0 

Pseudomonas aeruginosa. . 

>3,300 

>300 

>100 

>3,300 

>100 

>3,000 

>5,883 

0.8 

Escherichia coli 

3,300 

>300 

>100 

3,3a) 

>100 

>3,000 

>5,883 

0.6 

Eberthclla iyphosa 

330 

>300 

>100 

330 

1000 

300 

100 

O.G 

Salmonella paratyphi 

10 

10 

10 

10 

10 

10 

3 

>1.0 

Salmonella schottmuclleri 

33 

100 

100 

33 

100 

la) 

30 

0.5 

BaciUus suhtilis 

3 

10 

3 

1 

3 

1 

1 

>1.0 

Bacillus cereus. 

>3,300 

! >300 

>100 

im 

1000 

3ax) 

10 

1.0 

Bacillus megatherium 

3 

100 

3 

10 

10 

10 

10 

1.0 

Pasieurella sp 

100 

>300 

100 

33 

1 330 

ia> 

30 

0.6 


* Staphylococcus aureus as unity. 


in the r. citreo-roseum preparation which Is particularly active against B. ccrcus. 
This is under investigation. 

Inactivation by bacterial penicillinase. The well-known specificity of enzymes 
frequently facilitates establishment of the identity or similarity of unknown 
substances with one of known properties by comparing the action of the onzjme 
on the respective substrates. Penicillinase was discovered by Abraham and 
Chain (1940), and certain of its properties were described in detail by Woodruff 
and Foster (1944). 

Culture filtrates and concentrates of the antibiotic agents from the five dif- 
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ferent molds were treated with a cell-free preparation of penicillinase derived 
from an unidentified bacterium (culture 164). (See Woodruff and Foster, 
1944.) In each case suitable boiled enzyme controls were run. The enzyme 
was allowed to act for 1 hour at 37 C, followed by pasteurization at 60 C for 
30 minutes to halt its action. Pasteurization has only a small effect on the 
penicillin content of solutions (Foster and Wilker, 1943; Woodruff and Foster, 
1944). The results of these experiments are recorded in table 5. The Bacillus 
subtilis modification (Foster and Woodruff, 1943, 1944) of the original Oxford 
cup assay (Abraham et aZ., 1941) was used. 


TABLE 5 

Penicillinase destruction of antibacterial activity of agents derived from different fungi 


P, notatum concentrate -f boiled enzyme 

P. notatum concentrate + fresh enzyme 

A, oryzae TP culture filtrate + boiled enzyme 

A, oryzae TP culture filtrate -f fresh enzyme 

A, oryzae TP concentrate -|- boiled enzyme 

A, oryzae TP concentrate + fresh enzyme 

A, nidulans concentrate + boiled enzyme 

A. nidulans concentrate + fresh enzyme 

A. niger broth + boiled enzyme 

A. niger broth -f fresh enzyme 

A. niger concentrate + boiled enzyme 

A, niger concentrate 4- fresh enzyme . 

P. citreo-roseum broth + boiled enzyme 

P. ciireo-roseum broth 4 fresh enzyme 

P. citreo-roseum concentrate 4 boiled enzyme 

P. citreo-roseum concentrate 4 fresh enzyme 

A, flavipes culture filtrate 4 boiled enzyme 

A. flavipes culture filtrate 4 fresh enzyme 


OXFORD units/ml 


29.5 
0 

0.5 

0 

94 

0 

26.5 
0 

2 

0 

156 

0 

0.4 

0 

24 

0 

1.9 

0 


The complete destruction enzymatically of the antibacterial activity of all 
the various solutions listed in table 1 is further presumptive evidence of their 
respective similarities with penicillin. 

After this paper was written a communication by White (1943) appeared 
reporting antibacterial activity in culture filtrates of Aspergillus flavipes (no. 
175-4303.46). Using this same strain, we found the antibacterial activity it 
produced in 2 per cent tryptone medium (White, 1943) was completely destroyed 
by a 30-minute incubation with penicillinase. It seems probable that the anti- 
biotic substance was penicillin or penicillinlike. 

In vivo protection efficacy test The ability of penicillin to afford protection 
against letlial doses of virulent bacteria is, on the basis of in vitro antibacterial 
potency, distinctive enough to aid in the identification of substances suspected 
to be penicillin or penicillinlike. This was employed in the case of one of the 
fungi used above, namely, A. niger. Several liters of culture filtrate from this 
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mold were extracted in a manner similar to that described by Abraham et al. 
(1941). The dry end product, the sodium salt, closely resembled similarly 
extracted preparations of true penicillin from P. notaium. It had the typical 
bright orange-yellow color and contained 40 Oxford units per mg. A portion 
dissolved in water and treated with cell-free penicillinase was completely inac- 
tivated very rapidly. 

Mice were infected intraperitoneally with 10,000 lethal doses of Diplococcus 
pneumoniae Type I (no. 37) by Dr. H. Robinson of the Merck Institute. Treat- 
ment was initiated immediately after the bacterial inoculation and Avas repeated 
afterwards at 6-hour intervals over a 24-hour period. A total of 792 Oxford 
units was given to each mouse in the 24-hour period. Observations Avere then 
made over the following 12 days. For comparison, a similar group of infected 
mice Avas treated with a standard sample of authentic penicillin (table 6). 
The A. niger preparation afforded complete protection in doses equal to those of 
authentic penicillin also providing complete protection. 

TABLE 6 

In vivo efficacy of preparation from A. niger 
Strain: Diplococcus pneumoniae Type I (no. 37) 

Age: 64iour culture 

Infection: 0.5 ml of 10® dilution of culture equivalent to 10,000 lethal doses 
Th(?rapy: 198 Oxford units every 6 hours for 24 hours by subcutaneous injection 


SAMPLE 

NO. OF MICE 

NO OP MICE 
SURVIVING 

TIME IN DAYS 

A . niger . 

3 

3 1 

12 

Authentic penicillin 

3 

3 

12 

Untreated controls 

12 

0 

1 


The effect of temperature on penicillin production by various fungi. All previous 
reports dealing with penicillin production b}’^ F, notatum state specifically that 
the optimum teinporature for the process is about 25 C. Bush and Goth (1943) 
cultivated A. fiavus at 35 to 37 C and obtained flavicin (penicillin?), but the 
production at other temperatures AA^as not reported. Fleming (1929) and Abra- 
ham et al (1941) stated that P, notatum does not grow at 37 C. 

A systematic study of the temperature influence Avas made with the five or- 
ganisms employed. From table 7 it is evident that different fungi may have 
different optimum temperatures for groAvth and for penicillin production. A. 
niger and A. nidulans were like P. notatum in that their optimum temperature 
for penicillin production was 25 C. A. niger^ also like P. notatum, did not grow 
at 37 C, Avhereas A. nidulans grew well at that temperature but made no penicil- 
lin. A. oryzae TP, on the other hand, grew best at 37 C, and this temperature 
was most favorable for penicillin production both from the standpoint of rate 
of formation and total produced. That the active substance produced by A. 
oryzae TP at this higher temperature actually was penicillin seems indicated by 
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penicillinase destruction in one hour of the full activity, as shown in the fol- 
lowing tabulation: 



OXFORD UNITS PEft ML 


6-day culture 

7-day culture 

Broth and boiled enzyme 

2.0 

1.6 

Broth and fresh enzyme 

0 



The effect of increased temperature on the growth of A. oryzae was veiy 
marked, A thick, wrinkled pellicle was formed in 3 days at 37 C, but at 25 C 
the pellicle was still very thin. 

Strain selection. The well-known differences in the ability to produce penicil- 
lin of various strains of P. noiatum and, as well, the differences in the progeny 


TABLE 7 

Temperature and penicillin production by various fungi 
(Corn steep liquor medium) 


INCU- 

BATION 

TIME 

A. NIGER 

A. 

ORYZAE TP 

A. 

NIDULANS 

P. CITREO-ROSEUM 

.. 

p. 

NOTATUM 

25 C 

30 C 

37 C 

25 C 

30 C 

37 C 

25 C 

30 C 

37 C 

25 C 

30 C 

37 C 

25 C 

30 C 

37 C 

' 

days 
















6 

0 

0.6 

— 

0 

0.6 

1.3 

0 

0 

0 




>4.0 

4.0 

— 

6 

2.1 

0.8 


0 

1.2 

2.2 

0 

0 

0 

0.1 

0 

-- 

13.5 

>8.0 

— 

7 

2.5 

1.1 

— 

0 

1.2 

2.0 







17.8 

7.0 

— 

8 

3.2 



0.7 

1.6 

2.1 

0.9 

0 

0 

0.2 

0.1 

— 

22.8 

11.6 

— 

9 , 

4.9 

0.8 

— 

1.2 

1.6 


0.8 

0.2 

0 




32.0 

16.0 

— 

10 

4.6 

1.6 

— 

0.5 

1.4 

2.0 

0,4 

0.3 

0 

1.0 

0,8 

— 

16.0 

6.7 

— 

12 

4.8 

0.4 

— 

1.2 

1.2 

0,9 

0.9 

0.2 

0 

2.0 

0 

— 

31.0 

8.9 

— 


Figures are Oxford units per ml. ( — ) «* no growth. 


of a single spore colony (Clutterbuck, Lovell, and Raistrick, 1932; Foster, 
Woodruff, and McDaniel, 1943) made it reasonable to expect that the low po- 
tencies of mold filtrates could be increased by strain selection. A. oryzae TP 
was plated out on peptone glucose agar and eleven substrains isolated and 
compared with the parent strain for penicillin production in regular corn steep 
medium. The results (experiment A, table 8) show clearly that two of the 
substrains were definitely superior to the other substraias and to the parent 
itself. At all stages of incubation this superiority prevailed. A similar experi- 
ment with 11 substrains of A. niger YW failed to reveal differences betw(;cn the 
substrains and the parent. Experiment B (table 8) shows another comparison 
betw^ecn the two best strains from experiment A, namely, nos, 1 and 2, and two 
poor strains, nos. 6 and 11, and the parent strain from which all four were de- 
rived. Each was tested in three different media: corn-steep brown sugar, corn- 
steep Cmpek-Dox, and the hrovm sugar medium of Hobby, Meyer, and Chaffee 
(1942). The activity produced in the last-named medium was virtually negli- 







TABLE 8 


Penicillin production by subsirains of A. oryzae TP 
Experiment A 


8TXAXN NO. 

OXFORD UNITS PEX ML 

4 days 

S days 

6 days 

9 days 

10 days 

Parent 

0.6 

1.4 

1.6 

0.9 

1.1 

1 

>2 

>4 

6.4 

4.6 

2.5 

2 

>2 

>4 

7.6 

6.2 

3.7 

3 

1.0 

1.5 

1.5 

1.9 

1.5 

4 

0.8 

0.9 

1.2 

1.6 

1.4 

5 

0.6 

1.0 

1.1 

2.1 

1.6 

6 

1.3 

2.1 

1.5 

1.2 

1.6 

7 

0.8 

1.1 

1.2 

i 1.8 

1.6 

8 

0.7 

1.0 

1.2 

1.8 

1.6 

9 

0.0 

0.9 

1.5 

1.6 

0.6 

10 

0.7 

1.0 

1.6 

0 

0 

11 

1.3 

1.6 

1.7 

1 0.8 

1.7 


Experiment B 


STFAIN NO 

CORN STEEP MEDTITM WITH 

j OXFORD UNITS PER ML 

3 days 

4 days 

5 days 

... 

6 days 

1 

Brown sugar 

3.1 

15.0 

16.2 

8.0 

1 

Czapek-Dox 

2 7 ; 

6.5 

7.3 

4.8 

2 

Brown sugar 

7.0 1 

16.0 i 

14.2 

8.4 


Czapek-Dox 

2.8 

0.3 

5.7 

5.6 

6 

Brown sugar 

1.0 

3.1 

3.3 

2.8 


Czapek-Dox 

0.7 

1.3 

1.4 

1.1 

11 

1 

Brown sugar 

1.9 

3.7 

4.9 

3.2 


Czapek-Dox 

1.0 

1.7 

1.7 

1.4 

Parent 

Brown sugar 

1.8 

4.1 

4.7 

3.2 


Czapek-Dox 

0.9 

1.3 

1.6 

1.6 


Experiment C 


STRAIN NO. 

OXFORD UNITS PER ML 

3 days 

4 days 

5 days 

7 days 

2-1 

7.7 

13.4 

18.2 

7.2 

2-2 

8.5 

16.0 

17.8 

6.8 

2-3 

6.9 

15.0 

15.6 

6.2 

2-4 

11.6 

25.0 

14.6 

6.4 

2-6 

9.0 

21.8 

16.6 

7.8 

2-6 

4.3 

11.8 

14.2 

6.2 

2-7 

4.7 

17.2 

16.6 

7.8 

2-8 

7.3 

16.8 

16.4 

6.2 

2-9 

7.3 

15.8 

17.0 

5.6 

2-10 

4.6 

16.0 

17.0 

5.2 

2-11 

6.9 

16.8 

18.8 

6.4 

2-12 

4.8 

11.8 

17.0 

7.0 

Parent, strain 2 

3.8 

13.6 

14.0 

7.2 


27 
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gible in all cases and is not, therefore, reported in the table. The results con- 
firm those of experiment A in bringing out the decided differences between 
strains 1 and 2 and the other three. In both media there was a 3- to 5-fold 
superiority, the corn-steep brown-sugar medium being better than com-steep 
Czapek-Dox for all the strains. 

The selection process was continued one step further. Strain 2 was replated 
and 12 single colony isolates picked and t.ested. The results in experiment C, 
table 8, show that 2 of these 12 substrains were decidedly superior to the im- 
mediate parent strain. At peak production strain 2-4 was twice as effective 
as the parent. 

It has, therefore, been possible to effect a 6- to 10-fold increase in penicillin- 
producing powers by a two-stage strain selection procedure. Possibly, continua- 
tion of this procedure could lead to the isolation of still better strains. 

SUMMARY 

Antibacterial substances present in culture filtrates of Aspergillus niger YW, 
Aspergillus nidulans, Aspergillus oryzae TP, Aspergillus flavipes and renicillium 
eitreo-roscum are eitluir identical with, or closely related to, authentic penicillin 
produced by Penicillium noiatum. This was shown by solubility {)roi)erlies, 
thermostability, pH stability, antibacterial spectra against 18 different bacteria, 
destniction by the enzyme penicillinase, and (in one instancje) by efficacy in 
protecting animals against a lethal bacterial infection. Substrains superior in 
penicillin-producing ability to the parent culture of A . oryzae TP were isolated, 
A. oryzae TP grew and produced penicillin best at 37 C; with the other fungi 
the optimum was 25 C. A, nidulans grew at 37 C but produced no i)enicillin. 
P. notatum, A. niger y and P. citreo-roseum did not grow at 37 C. Kojic acid 
was more effective in inhibiting the gram-negative bacteria tested than the gram- 
positive ones. 

Addendum: While this paper was in press penicillinlikc substances were shown 
to occur in cultures of 5 species of renicillium different from any mentioned in 
this paper, (Florey, Heatley, Jennings, and Williams, Naturcy 164 , 268, 1944). 
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In 1936 /S-alanine was shown to be a nutrilite for yeast (Williams and Rohr- 
mann); later it was found to constitute part of the pantothenic acid molecule 
(Weinstock et cd., 1939). Pantothenic acid is required for the growth of many 
yeasts (Williams, Eakin, and Snell, 1940; Leonian and Lilly, 1942; Lochhead 
and Landerkin, 1942) and may be replaced in some cases by j8-alanine. Wieland 
and M6ller (1942) have studied the influence of the ammonium ion on the utili- 
zation of j8-alaninc by yeast and Nielsen and coworker (1941, 1943) have ex- 
perimented with yeast growth stimulation by amino acids. A few of the amino 
acids promote the growth of yeast when present in large amounts but none in 
the low concentration required by /3-alanine. 

Lactic acid bacteria cannot utilize /3-alanine to replace pantothenic acid even 
when the lactone moiety of the pantothenic acid molecule is also supplied 
(Snell, Strong, and Peterson, 1939; Cheldelin, Hoag, and Sarett, 1945). The 
diphtheria bacillus is the only organism besides yeasts which is known to re- 
spond to |3-alaninc (Mueller and Cohen, 1937). /3-alanine cannot replace panto- 
thenic acid for maintenance and g^o^\■th of rats (Gyorgy, Poling, and Subbarow, 
1939) or chicks (Woolley, Waisman, and Elvehjem, 1939). 

The present work is a comparison of the utilization of /3-alanine and panto- 
thenic acid in synthetic medium by several strains of Saccharomyces cerevisiae 
and one of Saccharomyces carlshcrgciisis. This work was originally undertaken 
in an attempt to develop a method for assay of /3-alanine. The data in this 
paper indicate that the yeasts studied cannot be used under these conditions 
for the measurement of d-alanine because of the inhibition by amino acids and 
natural extracts. 


EXPEIIIMENTAL 

The growth factors and test substances (at pH 4.8) are measured into 20 x 
150 mm, lipless, pj'rex test tubes, diluted to a total volume of 2 ml, and 5 ml 
of the medium shown in table 1 are added to each tube. The medium used is 
based upon that designed by Snell et al. (1940) for biotin assay. The sucrose is 
replaced by glucose, /8-alanine is omitted, other B vitamins are added, and the 
vitamin concentrations are increased as suggested by Leonian and Lilly (1943). 

‘ A preliminary report was presented at the second meeting of the Oregon Academy of 
Science at Portland, Oregon, in January, 1944. 

Published with the approval of the Monographs Publication Ooramitfee, Oregon State 
College, Research Paper No. 84, School of Science, Department of Chemistry. 

This work was supported by the Nutrition Foundation, Inc. 
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The tubes containing the samples and medium are steamed without plugging 
and inoculated w^hen cool. 

The yeasts arc grown on molasses agar slants^ for 24 hours at 30 C and then 
kept in a refrigerator. For an inoculum, a loopful of yeast from a freshly grown 
slant is suspended in a tube of sterile medium and the yeast concentration deter- 
mined turbidimetrically with the aid of a standardized calibration curve. A 
measured amount of this suspension is transferred to a flask containing a known 
volume of sterile medium so that the concentration of moist yeast is 2.4 mg 
per 100 ml. The test is then seeded wdth 1 ml added to each tube to give a final 
volume of 8 ml and a yeast concentration of 0.3 mg per 100 ml. The tubes are 
incubated at 30 C for 16 to 18 hours and the turbidity measured photoelectro- 
metrically (5400 A filter) after cooling in a refrigerator and adding 2 ml of a 
saturated solution of p-chlorothyrnol per tube. The results are given in terms 

TABLE 1 
Basal medium 


Glucose . . . . 20 g 

(NH4)2S04 . . 3 K 

KH 2 PO 4 2 g 

Z-Aspartic acid ... ... 0. J g 

Salt solutions* 1 and 2 . .... 1 ml each 

Adenine sulfate . ... .20 mg 

Inositol.. 15 mg 

Thiamin, riboflavin, nicotinic acid, pyridoxinc and p-aminobenzoic acid 200 mk each 

Biotin 1 Mg 

Folic acidf . . . . 2 Mg 

Distilled water to 1 liter; pH 4.8 to 5.0 


* Salt solution 1 contains 0.25 g CaClj, 0.5 mg FeClg, and 1.0 mg each of MnCL and "JlCli 
per^ml; solution 2 contains 0.25 g MgS 04-7 H 2 O, 1 mg each of ZnS 04 and HjBOj, and 0.1 
mg each of CuS 04*5 II 2 O and KI per ml (Snell, Eakin, and Williams, 1910). 

t A folic acid concentrate was kindly furnished by Dr. R. J. Williams of the University 
of Texas, and is used here in terms of 40,000 potency. 

of optical density which is equal to log 100 minus log per cent transmission 
(2-log G). 


RESULTS 

In the presence of various levels of /3-alanme, the effects of 1 mg taurine, 2 
mg pantoyl taurine'"* (the sulfonic acid analog of pantothenic acid), 2 mg aspara- 
gine, and 50 jug of the lactone'* portion of the pantothenic acid molecule per tube 
have been measured for 17 yeasts. In the presence of pantothenic acid only 

2 The molasses agar has the following composition: 4 per cent molasses, 0.12 per cent 
(NH4)HaP04, and 2 per cent agar. 

* We are indebted to Dr. D. W. Woolley, Rockefeller Institute for Medical Research, 
for a gift of pantoyltaurine, N-(ci£, 7 -dihydroxy-i 3 ,; 3 -dimethylbutyryi) taurine. 

^ In the present communication lactone refers to the cleavage product of pantothenic 
acid, Z-a-hydroxy-/5,i3-dimethyl-7-butyrolactone. This compound was kindly supplied by 
Dr. J. C. Keresztesy of Merck Co., Inc., Rahway, N. J. 
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asparagine and pantoyltaurine have been tested. Table 2, however, shows only 
the growth response of the 17 yeasts to /S-alanine and pantothenic acid, and the 
effect of asparagine and pantoyltaurine on the growth with pantothenic acid. 
The substances tested in the presence of /3-alanine give uniform results for all 
yeasts except one, and the figures are omitted from the table to conserve space. 

Lactone does not alter the response of any of the yeasts to j^-alanine. Taurine 
and pantoyltaurine inhibit the growth with /3-alanine for the Lash Miller strain 
(85 to 90 per cent inliibition of 0.2 or 0.5 jug i^-alanine with 1 mg taurine pr 2 
mg pantothenic acid) but are ^vithout effect on the /3-alanine results of all the 
others. On the other hand, the inliibition by pantoyltaurine of the utiliza- 
tion of pantothenic acid varies in degree for all the 5=^easts (table 2). These re- 
sults agree with the findings of Snell (1941) who obseived no inliibition of growth 
with /3-alanine by either taurine or pantoyltaurine but competitive inhibition 
of pantothenic acid by pantoyltaurine. The inclusion of small amounts of /3- 
alanine lessens the inhibitory effect of pantoyltaurine on pantothenic acid. 

In the presence of low concentrations of /3-alaninc (0.2 or 0.5 jug per tube) 2 
mg of asparagine strongly curtails the growth of all but 2 of the yeasts, allowing 
little more growth than is obtained in the blank tubes. Exceptions are strains 
Lash Miller and 2504, which are inhibited only 20 to 30 per cent under the 
same conditions. Weinstock ci al, (1939) reported this inhibition of 0-a\amne 
by asparagine and it has been recently used by Atkin et ah (1944) in a yeast 
pantothenic acid method to suppress any /S-alaninc' effects. In the presence of 
excess i3-alaninc, 5 Mg tube, asparagine either has no effect or is stimulatory 
for the yeasts. This effect is about the same as the stimulation shown in table 2 
upon the addition of asparagine to 2 Mg pantothenic acid. With the smaller 
concentrations of pantothenic acid, asparagine does not inhibit and in some cases 
is stimulatory. 

All of the yeasts grow faster and more heavily in the presence of 5 mg Difeo 
yeast extract than in the synthetic medium to which only excess pantothenic 
acid has been added. The difference is least for Burgundy wine yeast and 
greatest for strain 2190. Leonian and Lilly (1943) find that in the presence of 
large amounts of synthetic vitamins, added yeast extract does not increase the 
growth obtained with 8 yeasts in 72 hours. This is not found after 18 hours 
for the 17 yeasts tested here. 

The yeasts also differ in their total growth in this short time, and in their 
relative ability to utilize |3-alanine and pantothenic acid, with the medium 
employed. For strain 2190, /S-alanine cannot replace pantothenic acid for 
growth even if the lactone is supplied. Strain Gebriider Mayer is most sensitive 
to /3-alanine, showing in low concentrations about one third the activity of 
pantothenic acid on a molecular l>asis, and equal growth in the presence of ex- 
cess /3-alaninc or pantothenic acid. The following yeasts also show equal growth 
with 5 Mg /3-alanine or 2 Mg pantothenic acid but with decreasing sensitivity 
to jS-alanine: 2604, 2335, Lash Miller, Saccharomyces cerevisiae, Saccharomyces 
carlsbergensis 4228, Burgundy wine, Rassc M., FB, 4098, old process, and XR. 
The remaining yeasts cannot utilize 5 yg /3-alanine so well as 2 yg pantothenic 
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acid: No. 1 Hansen, 578, 2331, and 4097. Growth of 2504 and 4097 is inhib- 
ited by excess i3-alanine, and that of 2190 by excess pantothenic acid. 

Study of the Oehruder Mayer yeasL The following experiments show^ the ef- 
fects of the composition of the medium and of the addition of other substances 
on the utilization of /3-alanine and pantothenic acid by Gebrlider Mayer yeast, 
which is most sensitive to /3-alaninc. 

In the present experiments, the addition of extra inositol and biotin to the 
medium of Snell el aL (1940) is stimulatory for the 18-hour growth of the Ge- 
briider Mayer strain. This is in agreement with the obseiwations of Leonian 
and Lilly (1943). Further supplementation with p-aminobenzoic acid, nico- 
tinic acid, and additional thiamin increases slightly the response of the Gebriider 
Mayer strain to /3-alanine. Riboflavin and folic acid have no effect. All of 
these B vitamins, however, are included at optimal concentrations in the medium 
of tal)le 1 in the event that any of the 3^easts studied require them for utiliza- 
tion of /3-alaninc or are stimulated by them. Choline, which inhibits the utili- 
zation of /3-alanine by the Gebriider Mayer strain in concentrations of 10 jug 
per tube, is omitted. 

Fifty jLtg adenine per tube increases the response of the Gebriider Mayer 
yeast to large amounts of /3-alanine, whereas equal quantities of xanthine have 
no effect. Both guanine and uracil inhibit at low concentrations of /3-alanine. 
With the medium of Snell ct al, (1940) and with the full}’' supplemented medium 
of table 1 , maximum growth is observed at pH 4.5 to 5.0. Acetate ion inhibits 
growth in concentrations of m/1 00 or higher. 

Gebriider Mayer yeast cannot utilize the /3-alanine or i-carnosine®; 200 y,g 
of Z-carnosine support less growth than 0.1 Mg /3-alanine. This is in contrast to 
the diphtheria bacillus (Mueller and Cohen, 1937) and to Saccharomyces cere- 
vidac^ Fleischmann’s strain 139 (Schenck and du Vigneaud, 1944), for which 
camosinc has about 25 per cent of the activity of jS-alanine, on a molecular basis. 

On the medium of table 1, smooth reproducible curves are obtained for the 
growth of Gebriider Maj^er yeast in the presence of /3-alanine. However, many 
nitrogenous compounds inhibit the growth in the presence of small amounts of 
/3-alanine. Various amino acids, casein digests, alkali-treated peptone, norit- 
treated beef, liver, and yeast extracts have been tested. For the sake of brevity 
only some of these results arc shown in table 3. The medium of table 1 is used 
for these experiments. 

At a level of 2 mg per tube, all preparations severely repress growth with small 
amounts of /3-alanine. Cystine and aspartic acid arc least inhibitory. In 
the presence of pantothenic acid or of 5 Mg ifi^-alanine, however, there is no in- 
hibition and in some cases stimulation is observed. The amount of stimulation 
of each substance is roughly the same in the presence of excess /3-alanine or 
pantothenic acid. The following do not stimulate growth in the presence of 
excess /3-alanine or pantothenic acid: d/-alanine, /-tr}’’ptophane, dZ- valine, dl- 
methionine, and dZ-leucine. Slight increases are obtained with Z-histidine, 

• Dr. Vincent du Vigneaud, Cornell University Medical School, kindly furnished the 
Z-carnosine used in these studies. 
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di-phenylalanine, Z-cystine, i-tyrosine, and dZ-threonine. The largest increments 
in growth are found after addition of vitamin-free hydrolyzed casein, norit- 
treated beef, liver, and yeast extracts, alkali-treated peptone, /-glutamic acid, 
Z-lysine, d-arginine, asparagine, and glutamin. Higher levels of all these sub- 
stances (5 or 10 mg per tube) inhibit the utilization of larger amounts of jS- 
alanine. With 10 mg of asparagine per tulxj, the growth with 5 ng /^-alanine is 
less than that obtained with 0.1 ng /J-alanine on the asparagine-free medium. 

Acid or alkali hydrolyzates of the norit-treated extracts are as inhibitory to 
)S-alanine as are the original norit-treated extracts. Other unsuccessful attempts 
to offset the inhibition of the utilization of /3-alanine by all of the above sub- 
stances include the addition of small amounts of pantothenic acid (0.005 to 

TABLE 3 


Effects of various substances upon the growth* of Gehruder Mayer yeast with ^-alanine and 

calcium pantothenate 


CONTENTS PER TUBE 


HY- 

DROLYZE© 

CASEINf 

• AS- 

PARA- 
GINE 

ALKALI 

PEPTONE 

i-CYSTlNE 

/-AS- 

PARTIC 

ACID 

/-GLUTA- 
MIC ACID 

/-TYRO- 

SINE 

t//-LEU- 

CINE 

n 










/3-Alanine 










0.0 

0.025 

0.012 

0.016 

0.015 

0.027 

0.025 

0.025 

0.017 

0.020 

0.1 

0.280 

0.018 

0.018 

0.015 

0.130 

0.050 

0.040 

0.020 

0.020 

0.2 

0.520 

0.017 

0.020 

0.015 

0.550 

0.270 

0.060 

0.025 

0.035 

6.0 

0.570 

0.820 

0.700 

0.730 1 

0.650 

0.620 

0.720 

0.590 

0.555 

Calcium panto- 










thenate 










0.1 

0.260 

0.320 

0.300 

0.280 

0.240 

0.270 

0.445 

0.245 

0.250 

0.2 

0.490 

0.710 

0.560 

0.565 

0.600 

0.530 

i 0.650 

0.480 

0.470 

*2.0 

0.580 

0.840 

0.700 

0.760 

0.630 

0.640 

i 0.740 

0.600 

0.560 


* Growth is expressed turbi dimetric ally in terms of optical density, which is equal to 
log 100 minus log per cent transmission (2 — log G). 

t All of these substances were present at a level of 2 mg per tube. 


0.01 gg per tube), increasing the size of the inoculum up to fivefold, and using 
inocula from 16- and 24-hour liquid cultures. 

While investigating the possibility of using yeast to measure /J-alanine, an 
effective method for the quantitative separation of pantothenic acid from /3- 
alanine was devised. Solutions containing 20 gg pantothenic acid and 100 gg 
/S-alanine (separately or together) per 20 ml at pH 2.0 are treated with 300 mg 
of norit charcoal. The pantothenic acid is adsorbed, 98 to 100 per cent, whereas 
none of the jS-alanifie is removed. Norit is more effective than Darco G-60 
for this separation, and can be successfully used with solutions from pH 3.5 
to pH L 


DISCUSSION 

Yeasts presumably utilize /3-alanine by converting it to pantothenic acid 
(Weinstock ct aZ., 1939). The lack of any stimulatory effect by lactone on the 



UTILIZATION OP /J-ALANINE AND PANTOTHENIC ACID 


37 


growth with /S-alanine may be explained by the ability of the yeasts to synthesize 
lactone faster than they can convert /S-alanine to pantothenic acid. In this 
respect yeasts differ from Acetohacler suboxydans, which c^an utilize the lactone 
part of the pantothenic acid molecule for growth (Underkofler, Baniz, and 
Peterson, 1943), but which grows faster with lactone if jS-alanine is also supplied®. 
However, the absem^e of inhi])ition of yeast growth with /3-alanine by either 
taurine or pantoyltaurine (with one exception) is not clear in the light of the 
repression of pantothenic acid by pantoyltaurine. The inhibition of pantothenic 
acid is a (3ompetitive one (Snell, 1941), perhaps at the surface of a protein mole- 
cule, and it is possible that in the utilization of i(3-alanine by yeast, cither /3- 
alanine or lactone is attached to the protein molecule in question before being 
converted to pantothenic acid. Howev^er, the suggestion (Snell, 1941) that 
pantoyltaurine be used to inhibit pantothenic acid, and thereby measure only 
/5-alanine, appears implausible, unless large amounts of pantoyltaurine are added, 
since the growth with ^-alanine enables the yeavst to utilize some of the panto- 
thenic acid. 

The addition of yeast extract increases the growth of all yeasts above that 
obtained with excess pantot henic acid or /^-alanine. The addition of some amino 
acids, hydrolyzed casein, alkali- treated peptone, or norit-treated beef, liver, and 
yeast extracts also increases the growth above that observed with pure panto- 
thenic acirl, but these increases are not so great as those with whole yeavSt ex- 
tract, This may be due to the presence of unknowm stimulatory substances or 
of preformed vitamin conjugates in the yeast which make more rapid growth 
possible. 

The inhibitory effects of amino acids, etc., on the utilization of small amounts 
of /5-alanine limit the use of any of these yeasts, such as Gebriider Mayer, to 
the measurement of /3-alanine in solutions comparatively free of breakdown 
products of protein, such as commercial vitamin preparations. For this purpose, 
the pantothenic acid may be removed with norit. Pollack (1943) has found no 
/3-alaninc in digests of pure proteins, using Gebriider Mayer yeast. This result 
may be due to inhibitory effects like those shovm here for amino acids and casein 
hydrolyzate. 

Recently Schenck and du Vigneaud (1944) presented a method for measuring 
the total /3-alanine of tissues, using S, cervvisiae, Fleischmann’s strain 139. 
However, the decreasing sensitivity of yeasts to /5-alanine when increasing 
amounts of protein digests are added, as shown in the present paper, suggests 
that recoveries of added /5-alanine and proportional growth at different levels 
of assay (which are not given by Schenck and du Vigneaud) would be erratic. 
The same considerations limit the method proposed by CheldeUn and Mitchell 
(1943). 

SUMMARY 

A comparison of the 18-hour growth of 16 strains of Saccharomyces cerevisiae 
and one of Saccharomyces carlsbergensis on a synthetic medium with various 

• Sarett and Cheldelin, unpublished observations. 
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levels of jS-alanine and pantothenic acid is presented. The yeasts differ in their 
sensitivity to |8-alanine and pantothenic acid. Strain 2190 cannot utilize p- 
alanine at all, whereas strain Gebriider Mayer is most responsive to very small 
amounts of /^-alanine. Some of the yeasts do not attain so much growth with 
excess j5-alanine as 'with excess pantothenic acid. The addition of yeast extract 
increases the growth above that obtained with excess pantothenic acid with all 
yeasts. 

The response to jS-alanine is not affected by the presence of an excess of the 
lactone of the pantothenic acid molecule, and only one yeast is inhibited in 
its growth with /3-alaninc by large amounts of taurine or pantoyltaurine. Pan- 
toyltaurine inhibits the utilization of pantothenic acid for growth by all the 
yeasts. The utilization of small amounts of jS-alanine is inhibii.ed by asparagine. 

For the Gebriider Mayer yeast, the growth in the presenc^e of small amounts 
of j^-alanine is inhibit, ed by amino acids, hydrolyzed casein, and norite-treated 
beef, liver, and yeast extracts. The response to larger amount^s of /S-alanine and 
all levels of pantothenic acid is either not affected or is stimulated by these 
same substances. The limitations of the use of yeasts for metisurement of 
/3-alanine are discussed. 

A method for the quantitative separation of pantothenic acid and /S-alanine 
is presented. 
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Advances in vitamin and amino acid research are being speeded by the success- 
ful use of lactic acid bacteria as assay organisms. Their fastichous growth 
requirements and the ease of meiisuring the extent of their growth or acid 
production render them ideally suited for studies in this field. Interest in these 
organisms has centered about the nutritional requirements of Lactobacillus 
casci and Lactobacillus arabinosus, which have been u.sed extensively for the 
measurement of several B vitamins and amino acids. 

Research on the growth requirements of other species of lactic acid bacteria 
has been extended for other vitamin problems. Special studies have been made 
of Streptococcus lactis R (Mitchell, Snell, and Williams, 1941), Leuconostoc 
mesrnteroides (Gaines and Stahly, 1943), and LactobadUus fermeniumP 36 (Sarett 
and (!heldelin, 1944). 

The present paper is a survey of the pantothenic acid nutrition of 33 species 
and strains of these bacteria. Growth comparisons are compiled using different 
media, and evaluations are made of the various organisms for possible use in 
the assay of pantothenic acid. 


EXPERIMENTAL 

Culture media. Four culture media have been used in this study. Their 
components are listed in table 1 . Medium A is a synthetic type to which acid- 
hydrolyzed vitamin-free casern is added. Media B, (’, and D contain in addi- 
tion pantothenic-acid-free extracts of peptone or yeast. All of the known B 
vitamins and several other growth-stimulating substances are present in all 
media except C. The latter is essentially that of Pennington, Snell, and 
Williams (1940) with the exception that the glucose and sodium acetate con- 
centrations of the original medium have been increased to the amounts recom- 
mended by Stokes and Martin (1943). 

CuUurcs. (Cultures were generously supplied to us from various laboratories 
and included members of the genera Laclobacillus, Streptococcus, and Leuconostoc, 

* Presented at the second meeting of the Oregon Academy of Science, Portland, 1944. 

Published with the approval of the Monographs Publications Committee, Oregon 

State College, Research Paper No. 85, School of Science, Department of Chemistry. 

This work was supported by the Nutrition Foundation, Inc., New York, and the Gen- 
eral Research Council, Oregon State System of Higher Education, Corvallis. 

* The correct name of this organism has been suggested by Dr. J. M. Sherman to be 
Lactobacillus fermenti. 
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as follows:® Lactobacillus casein L, acidophilus (2 strains), L. plantarum, L. 
arahinosus (2 strains), L. pentosus (2 strains), L. delbrueckii (2 strains), L. 
brevis (2 strains), L. buchneri (2 strains), L. pentoaoeiicus, L. lycopersici, L, 
mannitopoeus, L, fermenti (2 strains), L. gayoni, L. brassicae. Streptococcus laciis 
(4 strains), aS. liquefadens, S. duranSy S, zymogeneSy Leucorwstoc mesenteroidesy 
and Leuconostoc dextranicus. 


TABLE 1 

Ingredients of growth media 



A 

B 

c 

x> 

Acid-hydrolyzed technical casein,* g 



4 


Acid-hydrolyzed vitamin-free casein, f g 

10 

10 


10 

Alkali-treated peptone,* g 



10 

10 

Glucose, g 

40 

40 

40 

40 

Sodium acetate, anhydrous, g 

36 

36 

24 

24 

Alkali-treated Difeo yeast extract,* g 


2 

2 

2 

Cystine hydrochloride, mg 

200 

200 ! 

200 

200 

Tryptophane, mg 

200 

200 


200 

Asparagine, mg 

1 

1 


1 

Adenine sulfate, mg 

20 

20 


20 

Guanine hydrochloride, mg 

20 

20 


20 

Xanthine, mg 

20 

20 


20 

Uracil, mg 

20 

20 


20 

Thiamin hydrochloride, fig, 

200 

200 


200 

Riboflavin, fig 

400 

400 

200 

1 400 

Nicotinic acid, fig 

[ 200 

200 


200 

Pyridoxine hydrochloride, /ig 

200 

200 


200 

Biotin, (free acid), fig 

0.8 

0.8 


0.8 

Inositol, mg 

5 

6 


5 

p-Aminobenzoic acid, fig 

200 

200 


200 

Choline chloride, mg 

2 

2 


2 

Folic acidjt fig 

6 

6 


15 

Inorganic salts, § A and B, ml 

10 

10 

10 

10 

Distilled water to 1 liter; pH 6.6-6 .8. 






* Pennington, Snell, and Williams (1940). 

t Snell and Wright (1941). 

X A folic acid concentrate was kindly furnished by Dr, R. J. Williams of the University 
of Texas, and is used here in terms of 40,000 potency. 

§ Snell and Strong (1939). 

Technique of testing responses. Experiments are carried out in 20 x 150 mm, 
lipless, pyrex test tubes to which the substances to be tested are added, diluted 
to 5 ml, and 5 ml of the appropriate medium added. The organisms for inocula 
are grown similarly in medium C to which 0.2 yg of pantothenic acid, 5 mg of 

* We are indebted to the following persons for several of the bacterial cultures used : 
W. B. Bollen and J. E. Simmons, Oregon State College; R. J. Williams and E. E. Snell, 
University of Texas; E. McCoy and W. H. Peterson, University of Wisconsin; L. A. Burkey, 
U. S. Dept, of Agriculture; C. S. Pederson, N. Y, Agricultural Expt. Station; B. W. Ham- 
mer, Iowa State College. 
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liver extract^ and 5 rag of Difco yeast extract have been added* These are 
centrifuged after 16 to 24 hours of growth, resuspended, and washed twdee with 
sterile 0.9 per cent NaCl solution. One drop of each final suspension is added 
to the appropriate tubes for testing. 

Cultures of L. brevis L35, L. gayoni F20, L, brassicaey Leiiconosioc deztranicus, 
Leuconosioc mesenteroidcs, S. lactis 118043, S. laciis RGlA, aS. lactis 374, S. 
liquefaciens (2 strains), and S. zymogencs are grown at 30 C. All others are 
grown at 37 C. Turbidity readings are observed in a Pfaltz and Bauer fluoro- 
photoraeter equipped with a special holder for the tubes wiiich have been used 
throughout the study. With uniform tubes it is possible to make several turbid- 
ity measurements during the course of each experiment. 


TABLE 2 

Response of lactic acid bacteria to pantothenic acid and constituent moieties 


TUHBIDITY* AFTER 24 HOURS 


ML 0.1 N ACID PRODUCED IN 72 HOURS 


ORGANISM 

Medium 

ng Pantothenjc acid per 

10 ml culturet 

fig Pantothenic acid per 

10 ml culturet 

1 

S /ig 
^•ala- 
nine 

S Mg 
lac- 
tone 

5 Mg 
^-al. 
+ 

5 Mg 
lact. 


0 

02 

1 

1 + 
YLt 

0 

0.2 

1 

1 + 
YLt 


L. delbrueckii 72 

A 

0.01 

0.53 

0.80 

1.00 

0.1 

6.0 

14.0 

16. 4 

C 

3.3 

1.5 

1.4 

(Group I)§ 

B 

0.01 

0.61 

0.92 

1.00 

0.2 

6.1 

14.9 

16. 4| 

1 

c 

1.3 

1.4 

1.4 

L. arabinosus 17-5 

A 

0,04 

0.32 

o.r>6 

0.96 





c 

1.8 

1.8 

1.8 

(Group II) 

B 

0.06 

0.41 

0.75| 

1.00 

1.0 

12.5 

14.5 

18.5 

1 

! 

1 

1 



C 

i 0.07 

0,64 

1.35; 

1.501 

1.8 

15.4 

18.6 

19.9 

1 




L. casci (Group 

A 

' 0.02 

0.05 

0,06 

0.64 

0.1 

3.3 

6.6 

15.6 

c 

2.0 

2.0 

2.0 

III) 

B 

0,02 

0.06 

0.08 

0.89 

1.1 

5.4 

9.8 

18.5 






C 

0.07 

0.35 

0.55 

0.73! 

! 1.9 

13.8 

17.6 

‘ 20.0 






D 

0.07 

0.76 

1.22 

1.25i 

1 

1 1.9 

13.6 

19.9 

S 19.1 






* Turbidity is given in terms of optical density. 

t Pantothenic acid quantities are given in terms of calcium pantothenate, 
t YL « 5 mg yeast e.xtract plus 5 mg liver extract. 

§ Group numbers are described in the text, along with the group classification of the 
other 30 cultures studied. 


Turbidity values after 24 hours’ growth are reported in terms of optical 
density (log 100 minus log galvanometer reading). Production of lactic acid 
after 3 days’ growth has been determined in all experiments by titration with 
0.1 N alkali. Turbidity readings after 3 days are not shown as they correlate 
generally with the amount of acid produced. Since it has been impossible to 
perform the experiments on all of the organisms at one time, L. casci is included 
in every set for purposes of comparison. 

Results. The response to pantothenic acid by the different organisms in the 
four growth media is summarized in table 2. All of the organisms tested are 

^We are indebted to Dr. T. H. Jukes of the Lederle Laboratories, Pearl River, New 
York, for the liver extract used. 
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seen to require pantothenic acid for growth, but they are unable to utilize the 
i^-alanine and lactone^ moieties. The results confirm and extend earlier obser- 
vations (Snell, 1941; Snell, Strong, and Peterson, 1939; and several others). 

Tubes containing added yeast and liver extracts are included with each series 
for comparison. It is assumed that growth in the presence of these extracts is 
the maximum for each organism, and a medium is adjudged to satisfy the nu- 
trient requirements of the organism if the response to added pantothenic acid 
is essentially equal to that obtained with these added extracts. On this basis 
the organisms have been classified into three groups, which are described below. 

None of the 33 cultures are able to reach maximum growth in the absence of 
peptone, yeast, and liver extracts (medium A). Those organisms which attain 
maximum growth with pantothenic acid added to a medium containing alkali- 
treated yeast (medium B) are classified in group I. The four organisms in this 
group are L. dclbrueckii 72, L. delbnicckii 3, L.fcrmenti 76, and S. durans. These 
organisms attain as much growth and produce as much acid (16 to 18 ml) on 
medium B with 1 ptg ^f pantothenic acid as with added yeast and liver extracts. 
For /S. durans^ maximum acid production is only 9 to 10 ml. Of these four 
organisms, L. dclbrueckii 72 shows the best relative response on medium A. 

In group II are organisms which grow optimally in the presence of alkali- 
treated yeast and peptone with no added B vitamins except riboflavin (medium 
C). Most of the organisms tested may be placed in this group. Some of these 
grow extremely rapidly. The cultures become very turbid in 10 to 14 hours 
and produce 18 to 20 ml of iwnd in three days. These are L. arabinosxis 17-5, L. 
arabinoms 8014, L. pentosus 124-2, L. pmlosus 8041, L. planianm 8292, L, 
pentoaceticus 367, and L. buchneri K14. Other organisms in this classifi(‘.ntion 
wiiich produce less acid (up to 10 ml) are L, brevis 118-8, L. brevis L35, L. lyco- 
pcrsici 4005, S. lactis RGIA, S. lactls 374, S. lactis R8043, S. zymogenesy Leuco- 
nostoc dexiranicus, Leuconostoc mesenteroides PdOO, liqucjaciens (Oregon 
State College), and L. gayoni F20. 

Organisms which grow optimally only if the medium is supplied with some or 
all of the known B vitamins in addition to alkali-treated yeast and peptone 
extracts are included in group III. In this group are L. acidophilus 832, L. 
acidophilus (Oregon State College), L. brevis, L, casci, L, buchneri, L, fermenti 
36, L. brassicae, S. liqucjaciens (Iowa State College), and S, lactis 125. The 
first 4 of these organisms produce approximately 20 ml of acid per culture; the 
others produce 8 to 10 ml. 

In addition, one organism, L. mannitopocMS, has been observed to reach maxi- 
mum growth on medium D only when untreated yeast and liver extracts are 
included. Acid production in the absence of these extracts is only about 60 
per cent of the maximum obtainable. 

DISCUSSION 

The type of medium represented by C appears well suited for routine work, 
since it contains relatively few ingredients and is easy to prepare. Moreover, 

® Throughout this paper, the lactone moiety of the pantothenic acid molecule refers to 
(-)af-hydroxy-/3,^-dimethyl-7-butyrolactone. This compound was kindly supplied by 
Dr. J. C. Keresztesy, Merck Co., Rahway, New Jersey. 
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the pantofchenic-acid-free extracts of peptone and yeast supply the organisms 
with a number of growth-promoting substances, some of which are as yet un- 
characterized. 

The first seven cultures listed in group II possess desirable features for use as 
assay organisms for pantothenic acid. They grow and produce acid more rapidly 
than does L, casci, a group 111 organism, which is generally used for assay 
purposes. Further experiments with these group II organisms have shown 
L. arahinoHua 17-5 to be useful for pantothenic acid assay (Hoag, Sarett, and 
rheldelin, 1944). 

For the study of vitamins other than pantothenic acid, the special growth 
requirements of the Group III organisms may be useful. Thus, L, casri is 
stimulated by folic acid. Thiamin is necessary for growth of L. fermentt 30, 
and its use for assay purposes is described elsewhere (Sarett and Clieldelin, 
1944). The remaining organisms are not stimulated by foli(5 acid or thiamin. 

SUMMARY 

Pantothenic acid has been found to be a growth determinant for 33 strains of 
lactic acid bacdcria. The /3-alanine and lactone moieties of pantothenic acid 
are not utilized by these organisms. 

Several organisms which produce large amounts of lactic acid on a relatively 
simple medium appear well suited for the assay of pantothenic acid. Giwth 
and acid production ha\’e been compared using 4 media. Optimum response of 
most species can bo obtained in the jircsence of added pantothenic acid by sup- 
plementing a simple growtli medium with extracts of jieptone and yeast which 
ar(‘ free of pantothenic' acid. 

The addition of other B vitamins to this medium is utilized in studying the 
other requirements of some species. 
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The necessity of adapting or modifying standard or official sterility test meth- 
ods for products known to possess bacteriostatic properties has resulted in the 
development of improved media for testing biological preparations. The ap- 
proved culture medium now used for the sterility test is “fluid thioglycollate 
medium’' as prepared by the Brewer or Linden methods which are described 
in the National Institute of Health memorandum dated December 30, 1941. 
This medium supports both aerobic and anaerobic growth and particularly 
neutralizes the mercurial preservatives added to some pharmaceuticals. 

Following the observation that p-aminobenzoic acid and related compounds 
would neutralize completely the antibacterial effects of sulfonamides (Woods, 
1940; Woods and Fildes, 1940; Keltch et al, 1941), sterility media containing 
appropriate amounts of p-aminobenzoic acid have been recommended for test- 
ing sulfonamides for the presence of bacterial contamination (Brewer, 1943; 
Mcdintock and Goodale, 1943). With the introduction of penicillin, which is 
considerably more effective than the sulfonamides in the treatment of systemic 
and wound infections caused by many gram-positive and some gram-negative 
bacteria (Abraham ft al., 1911; Bordley cf al., 1942; Florey and Florey, 1943; 
Herrcll, 1943; Hcrrcll Hal., 1 943 ;Rammelkamp and Keefer, 1943), the necessity 
of providing a suitable method for neutralizing this highly active antibacterial 
agent during sterility testing became apparent. An iicccptable procedure for 
tills purpose should completely inactivate penicillin without destroying bacteria 
or spores present as po.ssible contaminants. It should be ra})id and simple, 
and permit maintenance of sterile conditions; the addition of inactiA'ated penicil- 
lin should result in minimal changes in the usual sterility test media. 

Among the various agents tested which appeared to meet the stated require- 
ments was an enzyme system, taka-diastase, which was found to inactivate 
penicillin completely in 2 hours or less when incubated with it in a water bath at 
40 C and tested by the Oxford cup-plate method (Abraham cl al., 1911). The 
enzyme was furthermore found to have little, if any, antibacterial action when 
used alone in the same test procedure. 

Following these preliminary obser\fati<ins, studios were extended to include 
various proteolytic and carbohydrati'-splitting enzymes, among which were 
several of plant and microbial origin. The commonly known proteolytic en- 
zyme systems studied w'ere pepsin, trypsin, crepsin, pancreatin, and papain. 
To this list were added ficin, a protein-splitting enzyme obtained from the latex 
of certain species of the fig tree; hurain, a new ferment which was isolated from 
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the sap of the tree, Hura crepitans; and a proprietary product *‘polidase,’’ a 
cultured vegetable enzyme preparation containing proteolytic as well as amylo- 
systems. The carbohydrate-splitting enzymes tested included invertase, malt 
diastase, and emulsin. Several amylase preparations, namely, fungal amylase, 
taka-diastase, clarase, and mylase ‘T,'’ all derived from the mold, Aspergillus 
oryzacy were added to this group. A bacterial amylase preparation which was 
prepared from Bacillus mesentericus completed the series of carbohydrate 
ferments. Catalase and egg-white lysozyme, two enzyme systems which do not 
belong to either of the two groups given above, were also studied.^ 

1. Test Methods, Sto(;k 1 per cent solutions or suspensions of the enZ 3 mfie 
preparations were prepared by adding the dry powders to buffer solutions of 
pH 4.0, 6.0, and 8.0. To 1 ml of the cnz 3 rme solution, in a 15 x 200 mm test 
tube, was added 1 ml of an aqueous solution of sodium penicillin containing ap- 
proximately 40 to 48 Oxford imits The test mixtures, along with suitable con- 
trols, namely, buffer solutions alone as well as penicillin and buffers without en- 
zyme, were placed in a water bath at 40 C. Following 2 hours’ inc*.ubation, 
and again at the end of 18 hours, a small quantity of test solution was removed 
from the tubes and tested by the Oxford cup-plate method for penicillin activity. 
The results of this study are presented in table 1 . Mention should be made of 
the fact that cysteine hydrochloride (0.5%) was added to the papain mixture 
in order to activate the enzyme. Furthermore, since aqueous solutions of the 
amino acid are distinctly acid, this factor was taken into consideration when 
adjusting the papain cysteine mixture to the pH values used in the study. 

From the data given in table 1 , and particularly the results at the end of the 
2-hour incubation period, the following points may be noted. The papain 
cysteine mixture appeared to inactivate the antibacterial effects of penicillin 
completely in the presence of the buffers at pH G.O and 8.0 but not at 4.0. Bac- 
terial amylase and taka-diastase were equally effective in this same action in 2 
hours or less at pll 6.0 and 8.0 but neutralized penicillin activity completely at 
pH 4.0 only after more than 2 hours’ action. The most active preparation 
studied was clarase, whicdi inhibited the antibacterial effects of penicillin com- 
pletely under the experimental conditions given at all the pH ranges tested. 
While the remaining enzymes failed to bring a])out complete neutralization of 
the agent following incubation for 2 hours at 40 C, some were noted to be effec- 
tive in this action when tested at the end of 18 hours. 

The protein-splitting enzymes, pepsin, trypsin, erepsin, pancreatin, ficin, 
and hurain, gave lii.tle, if any, evidence of antipcnicillin activity at the end of 
the 2-hour test period. The apparent neutralizing effects of practically all 

^ The several enzymes mentioned above were secured from the following sources: ficin 
from Merck and Company, Inc., Rahway, N. J.; hurain from Dr. W. G. Jaffe, Caracas- 
Los Rosales, Venezuela; polidasc from the Schwartz Laboratories, Inc., New York, N. Y.; 
invertase, fungal amylase, mylase and the preparation from B. mesentericus from Wal- 
lerstein Laboratories, Inc., New York, N. Y.; emulsin from the National Bureau of Stand- 
ards, U. S. Department of Commerce, Washington, D. C.; clarase from the Takamine 
Laboratories, Inc., Clifton, N. J.; and lysozyme from Stein Hall <fe Company, New York, 
N. Y. 
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eiiZ3anes upon penicillin in buffer at pH 4.0, when tested at the 18-hour incubar 
tion period, may be attributed to the effects of the acidity of the medium upon 
the agent rather than an enzyme action. Although it is not indicated in the 
table, control enzyme solutions or mixtures alone, in the absence of penicillin, 
failed in all instances to show any evidence of inhibition of the development of 
the test organism, Staphylococcus aureus , in the agar cup plates. 

Several of the enzyme preparations showing definite antipenicillin activity 
were studied further. 


TABLE 1 

The effects of several enzyme systems upon penicillin 


pH BUFFES—MEDICATION TIME— MM INHIBITION 


ENZYME SYSTEM 

pH 4 0 

pH 6.0 

pH 8.0 

2 hr 

18 hr 

2 hr 

18 hr 

2 hr 

18 hr 

1 . Pepsin 

29 

0 

33 

34 

33 

33 

2. Trypsin 

32 

0 

32 

31 

33 

32 

3. Erepsin 

31 

0 

33 

33 

32 

31 

4. Pancreatin 

31 

0 

33 

32 

32 

33 

5. Papain cysteine 

31 

11 

0 

0 

0 

0 

G. Ficin 

32 

12 

32 

33 

32 

33 

7, llurain ... ... 

27 

0 

33 

27 

34 

29 

8 . Polidase 

33 

11 

30 

34 

33 

32 

9, Invertase 

32 

0 

32 

33 

33 

32 

10 . Malt diastase . . 

29 

0 

32 

29 

32 

0 

ll.Mylase^T” 

33 I 

0 

1 33 

26 

30 

31 

12 . Fungal amylase . ' 

32 

12 

32 

26 

33 

31 

13. Ba<iterial am 3 da 8 e . . 

28 

0 

0 

0 

0 

0 

14. Clarase .... 

0 

0 

0 

0 

0 

0 

15. Taka-diastase 

23 

0 

0 

0 

0 

0 

16. Emulsin 

31 

0 

32 

28 

32 

28 

17. Catalase 

33 

11 

32 

34 

33 

32 

18. Lysozyme 

32 

0 

31 

14 

27 

0 

Penicillin buffer (control) 

29 

0 

31 

33 

33 

34 


Figures represent inin inhibition exhibited by penicillin against Staphylococcus aureus 
by the Oxford cup-plate test (outside diameter of cups measure 8 to 9 mm); 0 penicillin 
has been inactivated, hence no inhibition demonstrable. 


II. Papain-Cysidne. Since it was felt that the cysteine hydrochloride in the 
papain cysteine mixture might play an important part in neutralizing the anti- 
bacterial effects of penicillin because of the reducing action of the amino acid 
upon the latter substance, papain alone and cysteine hydrochloride alone were 
tested against the antibacterial agent. As additional controls, cystine alone 
and a mixture of cystine and papain were included in the test. The results of 
these studios are presented in table 2. From the data it seems evident that the 
reducing action of cysteine is responsible for inactivation of penicillin in the 
papain cysteine penicillin mixture (table 1). The papain cystine combination 
failed completely to neutralize the antibacterial effects of the antibiotic sub- 
stance. 
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The inactivating action of cysteine upon penicillin suggested the possible 
use of the amino acid alone in testing the agent for sterility. In using the reduc- 
ing substance, however, certain factors had to be taken under consideration. 
Solutions of cysteine hydrochloride are distinctly acid in reaction; therefore, as 
mentioned previously, adjustment of the pH of solutions of the amino acid 
must be made before they are used in the sterility test. Our studies, furthermore, 
indicated that the equivalent of 10 to 20 mg of cysteine hydrochloride are neces- 
sary to inactivate 1,000 to 2,000 units of penicillin. In order to obtain a maxi- 
mum neutralizing effect of the reducing agent on the antibacterial substance, 
solutions or mixtures of the two preparations should be incubated 15 to 20 
minutes prior to addition to the sterility medium. 

Although not fully meeting the necessary requirements for a practical pro- 
cedure to be used to inactivate penicillin in the sterility test, the use of neutral 
solutions of cysteine hydrochloride for this purpose appears possible. 

TABLE 2 

Effects of papain in the presence of cysteine and cystine upon penicillin activity 


pH BOTFER— MEDICATION TIME—MM INHIBITION 


ENSYME 1% AMINO ACID 0.5% 

pH 4.0 

pH 6.0 

1 pH 8 0 


2 hr j 

18 hr 

2 hr 

18 hr 

2 hr 

18 hr 

Papain + cysteine 

33* 

12 

0 

0 

0 

0 

Cysteine (control) 

33 

14 

0 

0 

0 

0 

Papain + cystine 

34 

12 

34 

33 

34 

32 

Cystine (control) 

34 

0 

32 

30 

34 

29 

Papain + penicillin (control) . 
Papain — no penicillin (con- 

33 

11 

34 

32 

33 

30 

trol)., 

0 

0 

0 

0 

0 

0 

Penicillin only 

34 

11 

! 

35 

34 

34 

33 


* See legend under table 1. 


IIL Taka-Diastase and Clarase, Note should be made of the facit that the 
clarase preparation used in all preliminary studies and in most of the investigar 
tion presented in this communication was the product known as standardized 
clarase (lot no. 962). A concentrated clarase (lot no. 1455) was made available 
for our studies by the Takamine Laboratories. The difference between the two 
types of clarase is that the concentrated form is enzyme only, whereas the stand- 
ardized clarase contains milk sugar as a diluent, which is added to standardize 
the preparation, in which form it is recommended for assay tests. A comparison 
of the relative degrees of penicillin inactivation exhibited by these two prepara- 
tions was made from time to time; however, unless indicated otherwise, the data 
given are based upon the use of standardized clarase solutions. 

The extent to which the two clarase preparations, as well as taka-diastase, 
may be diluted and still show evidence of neutralizing the antibacterial effects 
of penicillin was determined by the following method. Dilutions of the enzymes 
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were prepared from 1 per cent stock solutions to give concentrations of 1 : 250, 
up to and including 1:100,000, in phosphate buffer solution of pH 7.0. To 
1 ml of sodium penicillin solution containing*“40 to 48 Oxford units was added 
1 ml of one of the enzyme dilutions. Following incubation at 40 C for 2 hours 
and 18 hours, samples were tested for penicillin activity by the Oxford cup- 
plate method. 

The results of these tests, and particularly those at the end of 2 hours’ incu- 
bation, revealed the following; concentrated clarase neutralized the antibac- 
terial effects of penicillin completely in a dilution of 1:10,000; standardized 
clarase gave a similar effect in dilutions up to and including 1:4,000, whereas 
taka-diastase was effective at the 2-hour period only when used in the undiluted 
form of 1 : 100. Tests made at the end of 18 hours indicated that the 1 : 25,000 
dilutions of both concentrated and standardized clarase gave comparable de- 
grees of penicillin inactivation under the experimental conditions mentioned. 
A similar effect was noted with taka-diastase in the 1:250 dilution. On the 
basis of these findings, it is evident that the substance or substances re.sponsible 
for antipenicillin activity are far more active or are present in much greater 
quantities in clarase than in taka-diastase. 

IV. Activities of Taka-Diastase and Clarase upon Penicillin in the Presence of 
a Nutrient Fluid Medium. Since it was found that relatively high dilutions of 
clarase (standardized) would completely inactivate the antibacterial effects of 
penicillin, as demonstrated by the Oxford cup-plate procedure, it appeared 
worth while to study the effects of the enzyme preparation upon the agent in 
the presence of broth. Taka-diastase was included in this study for comparative 
purposes. 

One per cent stock solutions of the enzymes were prepared in buffer solution, 
pH 7.0. The solutions were sterilized by Berkefeld filtration. Dilutions were 
made from the stock, again in buffer solution, to give concentrations of 1:250, 
1 :500, 1:1,000, 1:1,600, and 1:2,000. A solution of sodium penicillin was pre- 
pared to contain approximately 40 to 48 Oxford units per ml. This material 
was sterilized by boiling for 3 minutes and cooled rapidly to room temperature. 
The treatment had no apparent effect upon penicillin potency. 

To 2.5-ml. quantities of penicillin, in sterile test tubes, w.as added an equal 
volume of one of the enzyme dilutions. Transfers of 1 ml of the test mixtures 
were made immediately to 9 ml of Brewer’s fluid thioglycollate medium. Simi- 
larly, control buffer solutions without penicillin, clarase and taka-diastase solu- 
tions alone, and penicillin in buffer solution without enzyme were added to 
individual tubes of the te.st medium. 

Each of a series of test solutions was inoculated with Clostridium, tetani, 
Clostridium septique, and Staphylococcus aureus 209. The inoculum in each 
instance consisted of a 4-mm loopful of a 3-day Brewer’s fluid thioglycollate 
medium culture of test organism. The tubes were incubated at 37 C and ob- 
served daily for a period of 7 days for the presence of visible growth. 

The data which are presented in table 3 clearly indicate the superiority of 
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clarase over taka-diastase in neutralizing the antibacterial effect of penicillin. 
The highest dilution of clarase tested, 1:40,000, permitted growth of the test 
organism in the presence of the tintibiotic substance. A similar antipenicillin 
effect was obtained with taka-diastase in the 1:2,000, 1:5,0(K), and 1 : 10,000 
dilutions against C. iclani^ S. aureus, and C. scptiguc, respectively. The tubes 
containing cultures and penicillin ^\^thout enzymes were devoid of visible growth 
throughout the 7-day test period. The control tubes containing enzymes and 
organisms but no penicillin showed evidence of growth of the test bacteria at 
the end of 24 to 48 hours of incubation. 

The extent to which clarase could be diluted and still be effective in neutraliz- 
ing the antibacterial effects of penicillin in the presence of a fluid nutrient 
medium appeared to merit consideration. Concentrated clarase and taka- 
diastase were included in the study for comparative purpose.s. Staphylococcus 

TABLE 3 


Effect of clarase and iaka-diastase upon penicillin in presence of fluid medium 


PINAL ENZYME CONCENTRATION IN 
BROTH 


ORGANISM — ENZYME- 

-GROWTH AT 7 DAYS 


C tetani 

C. septique 

S. aureui 

TD 

C 

TD 

C 

TD 

c 

1:2,000 

+ 

+ 

+ 

-f 

+ 

4- 

1:5,000 

0 


+ 

+ 

+ 

+ 

1:10,000 

0 

"f" 

+ 

■f 

0 

4* 

1:20,000 ... 

0 


0 

+ 

0 

4- 

1:30,000 

0 

+ 

0 

+ 

0 

+ 

1:40,000 

0 

+ 

0 

4- 

0 

4- 

Enzyme only 1:2,000 . . 

+ 

+ 

+ i 

-f 

+ 

+ 

Penicillin only ... . 

0 

0 

0 1 

0 

0 

0 

Broth culture (control) 

+ 

1 -f 

+ j 

+ 

4* 

4- 


TD = taka-diastase, C == clarase (standardized); -f = growth to extent noted in control 
broth tube; 0 = no visible growth, indicating antibacterial effect of penicillin. 


aureus was used as the test organism. The details of the test method are as 
follows: 8 ml of Brewer’s medium were distributed in a series of cotton-plugged 
test tubes. The medium was sterilized by autoclaving at 10 pounds for 10 
minutes. Upon cooling, to each tube was added 1 ml of a sterile sodium penicil- 
lin solution and 1 ml of an appropriate dilution of sterile enzyme solution. 
After the contents of the tubes were mixed thoroughly by swirling, a 4-mm 
loopful of a 24-hour broth culture of the test organism was added. The inocu- 
lated tubes, with suitable controls, were placed at 37 C' to incubate and observed 
for the presence of growth at the end of 1, 3, 5, and 7 days. 

The data (table 4) show that the test organism in the presence of a mixture 
of penicillin and 1 : 100,000 concentrated clarase grew luxuriantly within a 24- 
hour incubation period. The same extent of growth was noted in the presence 
of penicillin containing 1:10,000 standardized clarase and the 1:2,000 dilution 
of taka-diastase. Following 3 to 6 days of incubation, all tubes containing 
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concentrated clarasc and penicillin showed evidence of maximum growth of the 
test organism. Standardized clarase permitted maximum growth at the end 
of 5 days. Taka-diastase was far inferior in its neutralizing effect upon penicil- 
lin activity, allowing a good growth of the test organism at the end of 7 days 
only in the tubes containing 1 : 2,000 to 1 : 20,000 dilutions of the enzyme system. 
These findings confinn the results obtained in the Oxford cup-plate dilution 
tests using these 3 enzyme prcjiarations, wherein the degree of effectiveness of 
the compounds in inhibiting penicillin activity was in the order given in the 
present study. 


TABLE 4 

Comparison of antipcnicillin effects of dilute solutions of clarase and taka- 
diastase in nutrient broth 


nBfiFRVATlON-DAVS, ENZYME PREPARATIONS, DEGREE OF GROWTH 


FINAL CONCENTRATION 

OF ENZ\ MES IN TEST MEDIUM 
CONTAINING PENICILLIN 

1st 

3rd 

Sth 

7th 

CC 

sc 

TD 

CC 

sc 

TD 

CC 

SC 

TD 

CC 

SC 

TD 

1:2,000 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

1:5,000 

4 

4 

0 

4 

4 

4 

4 

4 

4 

4 

4 

4 

1:10,000 . . 

4 

4 

0 

4 

4 

0 

4 

4 

2 

4 

4 

4 

1:20,000 . . . 

4 

0 

0 

4 

4 

0 

4 

4 

1 

4 

4 

3 

1:30,000 . . 

4 

0 

0 

4 

4 

0 

4 

4 

0 

4 

4 

0 

1:40,000 

4 

0 

0 

4 

4 

0 

4 

4 

0 

4 

4 

0 

1:50,000 

4 

0 

0 

4 

4 

0 

4 

4 

0 

4 

4 

0 

1:60, 0(H) 

4 

0 

0 

4 

3 

0 

4 

4 

0 

4 

4 

0 

1:70,000 

4 

0 

0 

4 

2 

0 

4 

4 

0 

4 

4 

0 

1:80,000 . ! 

4 1 

1 0 

; 

; 4 

2 

0 

4 

4 

0 

4 

4 

0 

1: UK), 000 

3 ! 

: 0 ! 

0 1 

4 

1 

0 1 

4 

4 i 

0 i 

4 i 

4 

0 

1:120,000 


' 0 

0 

4 

! 0 

0 i 

4 

3 

0 , 

4 i 

i 4 

0 

1:1)0,000 

0 ! 

i 0 

0 

4 

! 0 

0 I 

4 

3 i 

0 ! 

4 1 

! 4 

0 

1:160,0(X) 

0 

! « 

0 

3 

0 1 

0 1 

4 

2 

j 

4 

4 

0 

1:200,000 

0 

! 0 

0 

3 

0 1 

I 0 

1 4 

0 

0 1 

4 

4 

0 

1:250,(K)0 

i 0 

! 0 

0 

3 

0 1 

1 0 1 

‘ 4 

0 

0 ' 

4 

4 

0 

Control 

4 i 




i 

i i 

! 







CC =* concentrated clarase; SC » standardized clarase; TD ~ taka-diastase; 1 to 4 
slight to maximum growth. 


V. Bacterial Amylase. The results of the studies on the bacterial amylase 
preparation (table 1) have not been elaborated upon in this report inasmuch as 
its degree of antipenicillin action was comparable to that of taka-diastase. 

Since the original purpose of the present investigation was to find a suitable 
means of testing penicillin for sterility, the use of clarase for neutrahzing the 
antibacterial effecits of the agent appeared possible. This conjecture was based 
upon the data presented above and particularly on studies which more closely 
duplicated conditions encountered in actual sterility test procedures in the con- 
trol laboratories. 

VI. Use of Clarase in Sterility Test for Penicillin. Ampules of sodium penicil- 
lin powder received in the laboratory for sterility testing were inoculated with 
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dry cultures of ( 7 . tetanic ( 7 . septique, Bacillus suhtiliSj Eberthella typhi^ Escherichia 
coU, and S. aureus. Two ml of a sterile 1 per cent aqueous solution of clarase 
(buffered at pH 7.0) were added to the contaminated powders, which were then 
transferred immediately to several tubes of Brewer’s fluid thioglycollate medium. 
The contents of the tubes were mixed thoroughly by swirling and placed at 
37 C to incubate. Growth of the inoculated test organisms occurred in all 
tubes at the end of 48 hours’ incubation. All tubes containing gram-positive 
organisms and penicillin without enzyme failed to show evidence of visible growth 
at the end of 7 days; however, many of the tubes containing gram-negative 
organisms and penicillin without enzyme showed some grovrth after several 
days. These results might have been expected on the basis of present knowledge 
of the relative ineffectiveness of penicillin on many gram-negative bacteria in 
viiro^ particularly against organisms of the colon typhoid dysentery group. 

In view of these findings, the following supplement to standard sterility test 
methods has been proposed (Lawrence, 1943). A stock solution of sterile 1 
per cent clarase is divided into 2-ml amounts in sterile cotton-plugged test 
tubes or ampules (the sterile enzyme solution, when stored in a rcirigerator, will 
retain its antipeni(;illin ac.tivity for a period of more than two months). The 
contents of an ampule of penicillin powder are dissolved or suspended in the 
2-ml quantity^ of clarase solution and transferred to tubes (jontaining sterility 
medium. The test solutions are placed at 37 C and examined for visible bac- 
terial contamination for 7 days. An additional 7 days may be allowed for de- 
tection of possible mold contamination. 

In the absence of a suitable antipenicillin ag(?nt, such as the actWe clarase 
preparations used in this study, the antibiotic substance alone in thioglycollate 
medium will still be found to be sufficiently bacteriostatic at the end of 30 
days’ incubation at 37 C to inhibit completely the growth of a large inocailum 
of Staphylococcus aureus. 


SUMMARY 

In developing a suitable method for testing penicillin for sterility, several 
enzyme preparations appeared to meet the necessary requirements for inactivat- 
ing the antibiotic substance. 

With one exception the enzymes showing antipenicillin effects were propri- 
etary products, takardiastase and clarase, both of wdiich are derived from the 
fungus, Aspergillus oryzae, A bacterial enzyme pnjparalion from Bacillus 
mesenkricus was also found to neutralize the antibacterial cffe<d.s of penicillin. 

Other diastatic enzyme systems, including several also derived from Asper- 
gillus oryzae as well as a group of proteolytic enzymes, failed completely to 
show any evidence of an antipenicillin effect. 

On the basis of the results obtained with a highly active, antipenicillin clarase 
preparation, a sterility test using solutions of the latter has been proposed. 

*This quantity of standardized clarase (lot 932) solution was found to inactivate as 
much as 50 mg of penicillin sodium having a total potency of 10,000 or more Oxford units. 
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In a previous communication (Lawrence, 1945) were presented the relative 
effects of various enzyme systems or preparations upon the antibacterial action 
of penicillin. Of the several proteolytic and amylolytic ferments studied 
two products, taka-diastase and clarase, both derived from the fungus Asper- 
gillus oryzae, were found to neutralize or inactivate completely the antibiotic 
substance. Bacterial amylase, a preparation obtained from Bacillus mesen- 
tencus, also proved to be antagonistic to the antibacterial properties of penicillin. 

Other diastatic ferments, including several also derived from Aspergillus 
oryzae, failed completely to show any evidence of an antipcnicillin effect. On 
the basis of these findings, it seemed worth while to extend the studies on the 
a(!tive preparations in an attempt to determine the agent pre.sent in these prod- 
ucts which is responsible for the action. 

Although the manufacturing procedures in preparing the diastatic enzymes, 
clarase and taka-diastase, arc not known to the writer, it appeared not entirely 
in order for fungal amylase and mylase 1’, apparently derived from the same 
fungus, Aspergillus oryzae, to be devoid of a similar neutralizing action upon 
penicillin. As indicated in the previous paper, it was of interest to note that 
unlike the ineffectiveness of a malt diastase preparation and particularly of 
fungal amylase upon penicillin activity, the bacterial amylase used in the study 
compared in activity with taka-diastase. Upon inquiry concerning the source 
and possible nature of these two enzyme systems, the following information 
was obtained from Mr. Philip P. Gray of the Wallerstein Laboratories: 

“The fungal amylase preparation is a highly active enzyme preparation ob- 
tained from a special strain of Aspergillus oryzae by extraction and purification 
and salt precipitation. This preparation is standardized using sodium sulfate 
as a diluent to a Lintner value of 1,000 and ordinarily may contain lactose as a 
carrier. Besides characteristic amylolytic enzjmes, the preparation exhibits 
considerable activity of proteolytic enzymes, cytases, phosphatases, and maltase. 
Its amylolytic activity is exhibited best at pH range of 4.5 to 5.5 and at temperar- 
tures preferably not over 50 C.” The mylase P product was described as “repre- 
senting a specially fractionated mixture of enzymes from the above source 
(fungal amylase) which will be foimd to be especially rich in phosphatases, cy- 
tases, and hemicellulase, containing also some maltase.” 

The bacterial amylase preparation, obtained from the same laboratories, was 
described as “representing an enzyme derived from Bacillus vmentmeus, a 
special preparation purified by precipitation and standardized to a definite 
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starch liquefying strength using sodium chloride, sodium sulfate, and phosphates 
as diluents. This preparation, while containing proteolytic and other enzymes, 
contains chiefly alpha amylase, exhibits powerful starch liquefying properties, 
highly active at high temperatures, and at pH values between 6.5 and 8.0.^’ 

The purpose of quoting the detailed description of the fungal and bacterial 
amylase preparations is to correlate the possible common enzyme systems con- 
tained in each and to suggest the presence of some enzyme fraction or substance 
in the bacterial product which may explain the effect of the latter upon penicil- 
lin. The active substance is evidently entirely lacking in the fungal amylase 
or is insufficient in quantity to be demonstrable in the test methods described 
in the previous communication. 

The fact that certain bac.terial extracts or enzymes derived from bacterial 
cells will inactivate penicillin has been known for some time. Fleming (1929) 
in his early studies on penicillin-containing filtrates observed that the colon- 
typhoid-dysentery group, as well as Pseudomonas pyocyancus, Proteus vulgaris, 
and Vibrio cholera, was resistant or insensitive to penicillin. Abraham and 
Chain (1940) noted in their studies that an enzyme from Escherichia coli ex- 
tracts destroyed penicillin activity. This enzyme was inactivated by heating 
at 90 C for 5 minutes and by incubation with papain (activated with potassium 
cyanide at pH 6.0) and was dialyzable through cellophane membranes. Hobby, 
Meyer, and Chaffee (1942) also found that supernatant filtrates from E. coli cul- 
tures inhibited the action of penicillin and noted, furthermore, that the latter 
agent was inactive against this organism. The author’s studios confirm the 
findings mentioned and add to the list of penicillin-inactivating bacteria the 
following: Bacillus suUilis, B. mycoides, B. megaiheriim, B, mescntericus, B, 
panis, and B, adhaerens; Serraiia marcesems; and Clostridium chauvei. The 
anaerobic organism mentioned was the only one of a series of pathogenic an- 
aerobe'te studied which would completely inactivate penicillin. Among the 
several Clostridium cultures used in the investigation which failed to give evi- 
dence of a neutralizing effect on penicillin activity were C. tetani, C\ novyi, C, 
welchii, C. hotulinum, C. septique, C. sporogenes, and C. histoLyticum, Bacillus 
brevis, the aerobic sporulating soil bacillus described b}^ Dubos, which produces 
tyrothricin, will not inactivate the antibacterial effects of penicillin. 

The method used in determining the effects of these and other organisms upon 
penicillin activity involved the addition of 1 ml of a 24-hour broth culture of 
organisms, or its sterile filtrate (Berkefeld), to I ml of a sodium penicillin solu- 
tion containing approximately 40 to 48 Oxford units. Following incubation in 
a water bath at 40 C for two hours, the penicillin-bacterial test solutions were 
tested for penicillin activity by the Oxford cup-plate method (Abraham et aL, 
1941). 

The information obtained on the neutralizing effects of various bacterial 
filtrates upon penicillin, particularly organisms of the aerobic, sporeforming 
B, subtilis and associated types, suggested the possibility that similar bacteria 
or their products might be encountered in the active enzyme preparations, 
namely, clarase, taka-diastase, and bacterial amylase, and would account for 
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the antipenicillin effects. Bacterial counts were made, therefore, on the dry 
enzyme powders and the organisms present were identified by Mr. G. R. Goet- 
chius, following the description and biochemical reactions given in Bergey’s 
“Manual for Determinative Bacteriology’’ (5th edition, 1939). This w^as car- 
ried out as follows: Solutions or suspensions of the enzyme preparations were 
plated in beef extract agar and the colonies developing in the medium were 
counted at the end of 48 hours’ imaibation at 37 C. Following these counts, 
representative colony types were selected and a small inoculum from each was 
transferred to beef extract broth. At the end of 72 hours’ incubation, 4-mm 


TABLE 1 

Bacterial counts and antipenicillin effects of organisms isolated from enzyme 

preparations 


ENZYME PEEPAEATIONS 

BEEP EXTRACT AGAK 
PLATE COUNTS 
ORGANISMS/G 

NUMBER 

COLONY 

TYPES 

NUMBER IN- 
ACTIVATING 
PENICILLIN 
IN 2 HR 

i 

IDENTITY or ORGANISMS 
RESPONSIBLE FOR 
PENICILLIN INACTIVATION 

1. Pepsin 

210,000 

2 

2 

Bacillus teres 

2. Trypsin 

14,000 

1 

1 

B. suhtilis group 

3. Erepsin 

4, aw 

1 

1 

B, subtilis group 

4. Pancreatin,. . 

23,000 

1 

1 1 

B. suhtilis group 

6. Papain . . 

21,000 

1 

j none 

— 

6. Fioin. i 

none 

— 

— 

— 

7. Hurain .... 

none 

— 

— 

— 

8. Polidaee ... 

8,400,000 

2 

1 

/i. mesentericus 

9. Invertase 

6,000 

1 

1 

B, suhtilis group 

10, Malt diastase . . 

I 170,000 

3 

1 

Bacillus cohaerens 

11. Mylase 

99,000 

! 1 

1 

B, subtilis group 

12. Fungal amylase . 

230,000 

3 

3 

1 B. suhtilis group 

13. Bacterial amylase 

48,000,000 

3 

3 

B, subtilis group 

14. Clarase ‘‘stand.*' 

180,000,000 

2 

2 

B. subtilis group 

15. Clarase “cone.**. . 

398,000,000 

4 

4 

B, subtilis group 

16. Taka-diastase 

13,000,000 

2 

2 

B, subtilis group 

17. Emulsin 

1,000 

1 

1 

B. subtilis group 

18. Catalase,. 

none 

— 

— 

— 

19. Lysozyme 

10,0)0,00)* 

2 

1 

B. subtilis group 


— ® no test made. 

* » Aerobacter aerogenes predominant organism present. 


loopfuls of the bacterial suspension were imidanted in Durham tubes containing 
carbohydrate media as well as in tubes of Bacto-purple milk and nitrate broth. 
A small sample of the broth culture ’was also tested at this point for antipenicillin 
effects by the Oxford cup-plate procedure. The estimated bacterial count per 
gram of enzyme powder and the colony types along with their identification are 
given in table 1. 

It will be noted from the data that, in general, the total bacterial count varied 
considerably from one enzyme preparation to another. Furthermore, with but 
few exceptions, all the samples studied contained organisms which in pure cul- 
ture were able to inactivate penic&lin in less than two hours. Concentrated 
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clarase gave the highest bacterial count of the products tested, 398,000,000 or- 
ganisms per gram of dry preparation. Following this, in descending numbers of 
bacteria per gram of powder, were standardized clarase, bacterial amylase, and 
takardiastase. The numbers of viable organisms estimated in these products 
were 180,000,000, 48,000,000, and 13,000,000 per gram, respectively. While 
ceitain morphological differences were observ^ed in the colony types developing 
on agar plates, subsequent studies indi(‘,ated all the strains present in the prepa- 
rations mentioned could be classified as aerobic, sporeforming B. subtilis or 
related groups. 

The predominant organism in the preparation of lysozyme, which contributed 
to the high count obtained in this preparation, was the gram-negative bacillus, 
Aerobackr acrogmes. This organism failed to show any evidence of an anti- 
penicillin effect when incubated in the presence of the antibiotic agent and tested 
at the 2-hour period. A B. subtilis variant, however, which was capable of in- 
activating penicillin under the conditions mentioned, was isolated from this 
enzyme preparation. Polidase was found to contain approximately 8,500,000 
bacteria per gram of powder; however, two distinct colony types were isolated 
from the product, and only one w^as found to have an antipenicillin effect. The 
three colony types isolated from plates inoculated with fungal amylase were all 
identified as belonging to the B. subtilis group. The total bacterial count on 
this preparation, however, was relatively low, i.e., 230,000 bacteria per gram of 
dry powder. 

On the basis of these studies it is evident that the mere presence of penicillin- 
inactivating organisms in a product does not necessarily indicate that the en- 
zyme preparation wdll show evidence of an anti penicillin effect. Presence or 
absence of this action appears to be based upon the numbers of organisms (or 
possibly their metabolic substances) of the B, subtilis group in the products. 
This correlation in bacterial population with the resulting extent of penicillin 
inactivation has since been found to hold true for various samples of standard- 
ized clarase submitted for this test by the manufacturer. Certain preparations, 
which were found to be relatively free of bacteria of all types, evidenced little, 
if any, antipenicillin action. 

Standardized clarase preparations were tested, moreover, which gave bac- 
terial counts approximately that of the concentrated clarase sample (table 1, 
lot 1455) with a corresponding high titer antipenicillin action. The number of 
bacteria estimated to be present in several standardized clarase samples, and the 
extent to which freshly prepared sterile filtrates (Berkefeld) of the latter could 
be diluted and still show evidence of an antipenicillin effect, are given in table 2. 
These findings were compared with the bacterial counts and antipenicillin 
titers of the standardized clarase (lot 962) and concentrated clarase (lot 1455) 
preparations used throughout this and the previous study (Lawrence, 1945). 

From the data presented in table 2, it is obvious that there is a correlation 
between the number of bacteria present in a clarase preparation and the extent 
to which the sample may be diluted and still show evidence of a neutralizing 
action against penicillin. Furthermore, the fact that this antipenicillin effect 
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is demonstrable in sterile Berkefeld filtrates of freshly prepared solutions or 
suspensions of the various clarase samples would indicate that the presence of 
viable organisms is not essential for the neutralizing action on the antibiotic 
agent. On the basis of these findings, therefore, it may be assumed that cer- 
tain water-soluble, filterable bacterial end products in the sterile filtrates are 
directly responsible for the inactivation of penicillin noted throughout the 
studies reported previously (Lawrence, 1943, J944, 1945). 

Reference was made previously to the fact that Abraham and Chain (1940) 
described an enzyme present in E, call extracts which would destroy the anti- 
bacterial effects of penicillin. This enzyme was heat-labile to the extent that 
it was inactivated by heating at 90 C for 5 minutes. Therefore, the several 
enzyme systems showing antipenicillin effects in the present study were subjected 
to the temperature mentioned as well as to 70 C for 20 minutes and also were 


TAhLE 2 

Correlation of bacterial count with antipenicillin effect of claraae preparations 


CLABASE PREPARATION 

LOT NO. 

ESTIMATED llAC- 
TERIA PER GRAM 
OF POWDER 

COMPLETE INACTIVA- 
TION OF PENICILLIN 
AT TEST PERIODS 

(cup-plate) 

DILUTION IN FLUID 
MEDIUM SHOWING 
ANTIPENICILLIN 
EFFECT* 

Concenl rated clarase 

1455 

398,0(X1,000 

2 hr 

1:500,000 

Standardized clarase. . . . 

962 

138,000,000 

2 hr 

1:350,000 

Standardizcfi clarase 

1339 

30,000,000 

2 hr 

1 1:100,000 

Standardized olanise 

1351 

135,000,000 

2 hr 

1:500,000 

Standardized clarase 

1426 

120,000,000 

2 hr 

1:500,000 

Standardized clarase . . 

1466 

740,000 

18 hr 

1:2,000 

Standardized clarase 

1500 

172,000 

none 

<1:1,000 

Standardized clarase 

1 1526 

7,000,000 

2 hr 

1:20,000 


* ~ Enzyme and penicillin (app. 42 to 48 Oxford units) contained in 10 ml Brewer’s 
medium. One 4 -mm loopful broth culture Staphylococcus aureus 209 added to each tube. 
Results tabulated at end of 7 days’ incubation at 37 C. <1 : 1,000 = concentrations greater 
than 0.1 per cent not tested. 

heated in a boiling water bath. The preparations studied included sterile Berke- 
feld filtrates of standardized and concentrated clarase, taka-diastase, and bac- 
terial amylase, and several filtrates of pure cultures of organisms known to 
show antipenicillin action. A test of the samples against penicillin by the Ox- 
ford cup-plate and the broth dilution methods revealed that the active agent 
present in all the preparations given was destroyed by the heat treatments 
mentioned. 

In earlier articles on this subject (Lawrence, 1944, 1945) mention w^as 
made of the fact that in developing the sterility test for penicillin, solutions of 
the agent were sterilized by heating in a boiling water bath for 3 minutes and 
cooling rapidly to room temperature This treatment had no apparent ef- 
fect upon the potency of the antibiotic solutions. 

In the studies presented in this communication, up to this point, the shortest 
time interval of testing the antibacterial effects of penicillin-enzyme solutions 
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followed the initial two-hour incubation period at 40 C, With the information 
available that the antipenicillin agents were more sensitive than penicillin to 
heat, it appeared worth while to determine the effects of short time intervals of 
exposure of the antibiotic agent to the active enzyme preparations. This was 
carried out as follows: To a sample of penicillin solutiem (containing 42 to 48 
Oxford units) was added a sterile filtrate of an active antipenicillin agent. 
The mixture was incubated in a 40 C" water bath and small samples were re- 
moved at the end of 5, 10, 15, and 30 minutes and 1, H-, and 2 hours. Immedi- 
ately upon removal from the test mixture each sample was placed in a boiling 
water bath for 3 minutes, following which it was cooled rapidly to room tem- 
perature in an ice bath. These solutions, along with suitable controls, w'ere 
tested for penicillin activity by the Oxford cup-plate procedure. The first 
sample removed (at the end of 5 minutes) proved to be devoid of any anti- 
bacterial effect. The mere contact of an active enzyme solution with penicillin 
was subsequently shown to be sufficient to suppress or neutralize completely 
the antibacterial agent. This w^as proved by adding the enzyme filtrate to a 
hot (100 C) solution of penicillin in a boiling w^ater bath. Prolonged heating 
(boiling for 5 to 10 minutes) of an enzyme-penicillin solution, furthermore, did 
not result in the reappearance of an antibacterial action on the part of the anti- 
biotic substance. 

Although Abraham and Chain (1940) found that the antipenicillin enzyme 
present in E. coU filtrates dialyzes through cellophane membranes, the neutraliz- 
ing substance present in highly active clarase preparations lacks this property 
completely. The dialytic studies were carried out in distilled water and in buf- 
fer solutions at pH 4.0, 6.0, and 8.0. Additional studies are in progress to de- 
termine the possible relationsliip of the antipenicillin agents present in various 
bacterial filtrates. 

SUMMARY 

Data are presented which indicate that the enzyme preparations that are 
active against penicillin contain certain water-soluble, Berkefeld-filterablc sub- 
stances of bacterial origin which are responsible for penicillin inactivation. 

Broth filtrates of pure cultures of the organisms isolated from the active 
antipenicillin preparations neutralize the effects of the antibiotic substance. 
Similar penicillin-inactivating bacteria may be isolated from practically all the 
enzyme preparations studied. 

The presence or absence of an antipenicillin effect in a preparation, including 
clarase, appears to be based upon the number of organisms (or their metabolic 
products) which the preparation contains. 

The agent or agents present in the active enz3une products which neutralize 
penicillin activity are heat-labile. The action of active enzyme preparations 
upon penicillin appears to be almost instantaneous. 
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STUDIES ON THE AC^flON OF SULFONAMIDES ON THE RESIMRA- 
TION AND GROWTH OF RACTERIA^ 

A. Factoks Gontiu)LLin(; the Inhibition by Setfonamioes of (Urhoxy- 
EASES. I. Antagonism Retween ( 'oca h box yeas e and 

SXJLFATHIAZOEE 

M. G. SKV.\c;, MYRTLE SIlFaBURNE, and STUART MUDD 

Department of Bacteriology^ School of Medicine ^ Ihiiversity of Penm^ylvania ^ 

Philadelphia 4, Pa, 

IL'Cfiived for ])iihlication August lo, 1014 

Studies ])revi()iisly re])()rted on the mode ui action of sulfoiiainidos on bacteria 
showed that the inhibition of re‘Kpiratory enzymes of the bacteria caused a 
proportional inhibition of the growth o( Strcpfococaifi pyo(jc7U‘i^ imd pm^umococcus, 
type I. This contdusion was based on simultaneous measurements, at various 
time int-ervals, of the increase in ihci number of bacteria (and the mg of bacterial 
nitrogen) and of the respiration in the preseru^e and absence of 0.04 m sulfanib 
mnide. On the basis of these and other ol)servations, the “inhibition of respira- 
tion theory,” as the mode of action of ‘-ulfonarnides, was proposed fSevag and 
Shelburne, 1942a, 1942b). This theory, in part, stated that chemotherapeutic 
agents which possess structural simihirity to the whole or part of tlie coenzyme 
rnoh^cules may specifically combine with the protein component of the res[)ira- 
toiT (‘nzymes. This coml)ination may take place as a result of the displacement 
of coenzymes by the drug, forming an inactive “enzyme analogue,” or by a re- 
versible union of the drug with the protein, forming an inactive “drug-protcin- 
coenzyrne cxunplex.” In this connection it was shown fSevag, Shelburne, and 
Mudd, 1942) that sulfonamides exercise inhibitory affinities for bacterial and 
y(\ast carboxylases. Sulfathiazole, in comparison with other sulfonamides, 
being stnicturally most nearly ndated to cocarboxylase, exeixused markedly 
greater inhibitory affinity for bacterial carboxylases. 

The present report rejiresents the results of further studies. 

METiions 

As previously described (Sevag, Shelburne, and Mudd, 1912), carboxylase 
activities of various materials were measured in a RarcroftAVarburg setup. 

Experiments mth air-dried brewers^ whole yeast. The reaction systcmi contained 
0.1 ml of a solution of magnesium sulfate (0.1 mg Mg), 0.7 ml of yeast suspen- 
sion containing various amounts of whole yeast, 0.2 ml of sodium pyruxate 
(17.6 mg). The final volume was made up to 6 ml with m/150 phosphate buffer 
of pH G.2. The temperature of the water bath was 37.5 C\ The atmosphere 
of the system consisted of 95 per cent N and 5 per cent COg, and the experimental 
period was 120 minutes. 


^ This investigation has been aided by a grant from the Josiah Macy, Jr., Foundation. 
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Experiments with yeasl washed with alkaline phosphate, Th(' reaction system 
(Tmtaincd the sam(‘ constituents as those given above. In experiment 1 (table 
2), the yeast suspemsion contained 100 mg of air-dried brewers’ whole yeast. 
In experiment 2, 100 mg of 3 T‘ast were washed witli allvaline phosi)hate, using 
the method of lA)hmann and Scliiister (1937) to remove cocarboxylase, llic 
acjtivity of the yeast thus treat/cd ^\as restored by adding puni coc^arboxylase 

(MerckO. 


UESTU/rs 

Reversal by cocarhoxylase of the whthilion of the carboxylase activity of yeast cells 
by sulfathiazolc, Tlie results of two preliminary (*xperiments, prt^semted in 
table 1, showed tliat sulfathiazole exercised a 25 i)er cent inhibition on the car- 
boxylase activity of 2 mg of air-dried yeast cells. 7'his effect was reduced to 
1 4 per (^ent wlion 2 of cocarboxylase was added to the system. 'Fliis reduction 
of inhibition is 44 per cent. Two yg of cocarboxyl as(' in a volum(‘ of (> ml is 
0.8 X 10**^ M. This coricentralion of cocarboxylase was found to be (capable 

TABI.K 1 

Reversal by cocarboxylcisi’ of the ivhibilion by snlfaihiazotc of the carboxylase activity of 2 my 
of aiT’dried brcv'crs* yeast at pH 0,2 




( n.\TRoL-» 


JKIIIIJITION BV fel'll AIH1\7(»LF (0 OOSS M' 

PERIOD 

Uuffer 

(‘otarbovylase 

1 

Buffer 

('ocarl)OK) Idso 



0 2 mK I 

2 0 mK 


0 2 uy: 

2 0 

hour 

mmKO‘i 

mmKOi 


per cent 

per tent 

per cent 

1 

497 

505 

618 

25 

21 

14 

2 

037 

690 

816 1 

24 i 

1 

26 

14 


of reducing by 14 pea* cent the inhibition by 0.()()55 m sulfathiazole. That is, 
one molecule of cocarboxylase (aused 41 X)er cent reversal of the inhibition by 
8088 molecules of sulfathiazole. 

On wiishing the wIkjIc yeast with alkaline phosphate, 97 per cent of tlie (air- 
boxylasc acti^'ity was nanove.d (table 2). The yeast, thus treated, contains the 
specific protein of carboxylase practically free from cocarboxylase. The whole 
yeast, treated with 3 pg, or 50 pg, of cocarboxylase, did not show increased 
(Tirboxylase iictivity. On the other hand, the treatment of phosphatc-washc'd 
yeast with 3 or 50 pg of cocarboxylase restored 50 and 71 per cent, respectively, 
of the original carboxylase activity. 44ie specific protein of carboxylase, in 
washed yeast, treated simult^anoously with cottarboxylase and sulfathiazole, 
should therefore be an object of competition between these two substances. 

The results presented in table 2 show that 0.0055 m sulfathiazole did not 
exercise an inhibitory effect on 100 mg of whole yeast. In contrast, it exercised 
a 35 per cent inhibition on the carboxylase activity of washed cells in the pres- 
ence of 3 pg of added cocarboxylase. In the presence of 50 Mg of cocarboxylase 
the inhibition was r(;duced to 5 per cent, or an 86 per cent reversal of inhibition 
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took place. This relationship shows that one molecule of cocarboxylase is 
capable of preventing the union of 322 molecules of sulfathiazole with the specific 
carboxylase protein. 


TABLE 2 

Reversal by cocarboxylase of the inhibition of the carboxylase activity of yeast (washed with 
alkaline 'phosphate) by 0,0055 m sulfathiazole 


1 

1 

CONTROL" 

1 


INHIBITION BY 
.SULFATHIAZOLE 

ENZYMt SYSTEM 

Buficr 

I Cocarboxylase 

Buffer 

Cocarboxylase 



50 Mg 


50 MR 


mmKOt 

mmK'Oi 

mmKXh 

Per cent 

per ant 

per cent 

1. Brewers* wdiole yeast (100 mg air-dried) 

2. Brewers* whole yeast f (100 rng washed with 

2,172 

2,182 

2,200 

0 

0 i 

-9 

alkaline phosphate) . 

01 

1,215 

1,556 

10 

1 

35 1 

5 


— « increase. 

* Control system consisted of 0 1 ml of MgS 04 fO.l mg of Mg) solution -f- 0.7 ml of yeast 
suspension -f 0.2 ml of sodium pjTuvate (17.6 mg), made up to a volume of 6 ml with m/150 
j)hoaphate buffer of pH 6.2. Temperature = 37.5 C. In 05% N -f 5% CO 2 . Period = 
120 minutes. ^ 

t Air-dried yeast was wrished with alkaline phosphate ae(U)rding to Lohinami and vSehus- 
ter (1937) to remove cocarboxylaso. 


TABLi: 3 


Reversal by ( ocarboxylasc of the inhibition of tin carboxylase activity of both the whol( air-dried 
breviers' yeast {10 my) and that of yeast treated with alkaline phosphati by 0.0055 m 

sulfathiazole 


rNz\Mr SY.^irM 

1 

('oc; 

irboxylasc mR 1 

1 , C'ocarboxylast 


1 Buffer 

— 


- 

Buffer 




1 

0 5 

..A i 

1 

1 0 5 



mmKOi 

mmKXh 

1 mmK'Oi] 

mmKXh 

per cent per (ent 

per cent 

Brewers* whole yeast (10 mg air- 


i 

1 

1 

j 

* 


dried) . 

1,280 

1,330 

1,435 

1,520 

20 : -8 

0 

Brewers* yeast washed with al- 





1 


kaline phosphate* 

i 22 

1 

117 

683 

1,150 

90 j 80 

so 


INHIBITroN* BY SULI- ATriIA70I L' 


2S 

l>€r C€Ul 


~\ 
56 1 


— « increase. 

* For experimental conditions see the first footnote table 2. 

t This represents the inhibition at the end of a 2-hour period. At the end of the initial 
30-minute period the inhibition wa^ 67 per cent. The inhibitions not indicated in the pre- 
ceding columns were constant throughout the 2-hour period. 


Another experiment (table 3), carried out with 10 mg of whoh^ air-dried yeast, 
or with the yeast washed with alkaline phosphate, ga\’e tin* same nvsiilts. In 
these experiments, 3 and 25 pg of cocarboxyla.'^e increase<l the carlioxylase no- 
tivity 12 and 19 per cent, respocti^Tly. In the absence of added cocarhoxylase, 
0.0055 M sulfathiazole exercised a 20 per cent inhibition. In the pn‘s<‘n(‘e of 
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0.3 Mg of cocarboxylase this inhibition was abolished. This means that one 
molecule of cocarboxylase was capable of neutralizing the inhibitory effect of 
53,400 molecules of sulfathiazole. 


TABLE 4 

Effect of the presence and absence of glucose in culture medium on the carboxylase activity of 

Staphylococcus aureus 


CA&fiOXVLASE ACTIVITY Ot WASHED SUSPENSIONS OP STAPHYLO- 
COCCUS AUEEUS GIOWN IN 



Seeded with culture on extract 
agar 

Seeded with culture on glucose 
agar 

Extract* broth 

Glucose broth 

Glucoset broth 

Extract broth 

Carboxylase Activity at pH 

7.2 

7.2 

7.2 

7.2 

Period of experiment 

4 hr 

5 hr 

4 hr 

5 hr 

mm* COs evolved 

1 6&3 

1 ^ 

0 

643 

QCO,t 

i 216 

1 

0 

1 

0 

163 


* Extract broth consisted of 10 g of peptone, 5 g of sodium chloride, and 3 g of beef 
extract (Difco) in 1,000 ml of tap water, boiled, filtered, adjusted to pH 7.4, and sterilized. 
Extract agar consisted of extract broth containing 2 per cent agar. 

t Glucose broth consisted of the same materials as above except that sodium chloride 
was replaced by 4 g of anhydrous disodium phosphate per liter of medium and adjusted 
to pH 7.4. To the sterilized medium a concentrated sterile solution of glucose was added 
just before seeding the medium (final concentration, 0.5% glucose in the medium). 
Glucose agar consisted of glucose broth containing 2 per cent agar, 
t mm* CO 2 evolved per hour per mg of staphylococci. 

TABLE 5 


Effect of pH on the degree of inhibition exercised by sulfathiazole on the carboxylase activity 

of Staphylococcus aureus 


* 

pH 7.16 

pH 6 2 

PERIOD 

Control* OCO 4 

1 Inhibition by sulfathiazole j 

Control! QCO 2 

Inhibition by sulfathiazole 


0 00138 M 

0.005.5 M 

0 00138 N 

0 OOSS M 

minules 


per cent 

per cent 


per cent 

per cent 

30 

68 

36 

60 

104 

14 

31 

60 

90 

35 

61 

125 

16 

30 

90 

101 

31 

60 

134 

14 

29 

120 

114 

29 

58 

146 

1 

13 

29 


* The reaction system (pH 7.1G) contained 3.1 mg of S. aureus, 
t The reaction system (pH 6.2) contained 2.1 ing of S, aureus, 
t mm* CO 2 evolved per hour per mg of staphylococci. 

The bacterial suspensions used in the two sets of experiments were prepared from the 
same 16-hour broth culture. 

Washing 10 ing of yeast with alkaline phosphate removed 98 per cent of the 
carboxylase acti\ity. The treatment of the washed yeast mih 25 of cocar- 
boxylase restored 70 per cent of the original activity. In the presence of 0.(X)55 
M sulfathiazole and 0.3 or 3 pg of (tocarboxylase, 80 per cent of the restorable 
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activity was inhibited. On the other hand, in the presence of 25 /xg of cocar- 
boxylase the inhibition was reduced from 80 to 56 per cent. This is equal to a 
30 per cent reversal of inhibition. In other words, one molecjule of cocarboxylase 
counteracted 646 molecules of sulfathiazole in bringing about this effect. 

Experiments on the carboxylase activity of Staphylococcus aureus. During our 
daily studies, extending over a period of two years, the gradual decrease and 
eventual loss of carboxylase activity in Staphylococcus aureus was obsen^ed. 
It has been previously noticed that certain strains w'ere (jornpletely devoid of 
carboxylase activity (Sevag and Neue-Schwander-Lemmer, 1936). Krebs 
(1937) also reported similar o})scrvations. The causes of these variations are 
not known. During our studies it has been possible to trace one of the factors 
responsible for the complete loss of carboxylase acti\dty. The results presented 

TABLE 6 

Reversal by cocarboxylase of the inhibition by sulfathiazole {0.00188 m) of the carboxylase 

activity of Staphylococcus aureus 

The pH of the reaction eystem was 0.2; the weight of staphylococci was 3 ing/6 ml reac- 
tion volume. 




CONl'ROLS 

INHIBITION BY SULFATHIAZOLE 

EXP NO. 

PERIOD 

Buffer 

I Couirboxylase uK 

Buffer 

1 Cocarboxyiasc mK 



5 

10 

i 

i 

5 

10 

25 


minutes 

mmKOi 

mm*COi j 

mmKOt 

! mmKOt 

per cent 

per cent 

per cent 

per cent 

1 

30 

76 

122 

120 1 

lie i 

30 

30 

24 

16 


60 

167 

252 1 

250 i 

233 i 

25 

21 

18 

13 


DO 

253 

377 

382 1 

351 

25 

23 

20 

11 


120 

339 1 

489 , 

480 ! 

458 

22 

18 

12 

10 

2 

30 

217 1 

249 

268 

222 

28 

18 

23 

14 


60 

1 470 

6.56 ! 

591 

482 

26 

20 

23 

11 


90 

735 

950 i 

' 900 

735 

27 

30 

23 

12 


120 

978 

1148 1 

1170 

970 

25 

22 

19 

9 


in table 4 are related to this phenomenon. It can be seen that staphylococci, 
when grown in glucose phosphate extract broth, were completely devoid of car- 
boxylase activity. In contrast, when they were grown in plain extract broth, 
they showed carboxylase activity. Tliis observation, though made several times, 
cannot, ho\vever, at present be offered as proof that growth in glucose always 
deprives the organism of carboxylase activity. Further studies are in progress. 

In consideration of the importance of the optimal (larboxylase activity, 
and of the optimal inhibitory effect of sulfathiazole, experiments were carried 
out at pH 7.16 and pH 6.2. The results presented in table 5 show that the 
carboxylase activity of Staphylococcus aureus at pH 6,2 is markedly greater than 
at pH 7.16. It can also be seen that the inhibitory effect of sulfathiazole at 
pH 6.2 is lower by 50 to 60 per cent than at pH 7.16. 

In view of the fact that carboxylase activity is optimal at pH 6.2, and that its 
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sulfonamide-antagonizing action can best be observed at its optimal pH of 
activity, the experiments were carried out at this pH, 

The results presented in table G (experiment 1 ) show that 5 Mg (also 10 and 
25 Mg) of cocarboxylase increased the carboxylase activity of staphylococci 50 
(one-hour period) and 44 (two-hour period) per cent. The results of experiment 
2 show a similar effect. In the absence of cocarboxylase, sulfathiazole causes 
from 18 to 30 per cent inhibition of activity. The addition of 25 jug cocarboxylase 
to the system causes from 50 to 65 per cent reversal of inliibition. This indi- 
cates that one molecule of cocarboxylase is capable of counteracting 215 mole- 
cules of sulfathiazole in bringing about this effect. 

SUMMARY 

Sulfathiazole inhibits the carboxylase activity of whole yeast. It is shown 
that one molecule of cocarboxylase added to the reaction system is capable of 
counteracting the inhibitory effect of 8,088 to 53,400 molecules of sulfathiazole. 

Washing yeast cells with alkaline phosphate removes practically all of the 
carboxylase activity. Addition of cocarboxylase restores from 56 to 76 per 
cent of the original activity. Under these conditions sulfathiazole and cocar- 
boxylase compete for the specific carboxylase protein. This competition nv 
suits in the neutralization of the inhibition by sulfathiazole. One molecule of 
cocarboxylase counteracts the inhibition exercised by 322 to 646 molecules of 
sulfathiazole. 

Sulfathiazole inhibits the carboxylase activity of Staphylococcus aureus. One 
molecule of cocarboxylase counteracts the inhibitory effe(it of 215 molecules of 
sulfathiazole. 

Staphylococci when grown in glucose phosphate extract broth have been found 
to be devoid of carboxylase activity. Staphylococci when grown in glucose-free 
plain‘extract broth have been found to manifest good carboxylase activity. The 
reason for this is not known. 
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In a preceding report it was shown that cocarboxylase antagonizes the in- 
hibitoiy effect exercised by sulfathiazole on the carboxylase activities of (a) 
whole yeast cells, (b) yeast cells washed with alkaline phosphate, and (c) Staphy- 
lococcus aureus. The results showed that one molecule of cocarboxylase coun- 
teracted the inhibitory effect of 322 to 53,400 molecules of sulfathiazole on yeast 
carboxylase, and the inhibitory effect of 215 molecules of sulfathiazole on 
Staphylococcus aureus. The present report deals with experiments in which 
the antagonism lietween sulfathiazole and p-aminobenzoic acid is determined. 

RESULTS 

Competition between sodium pyruvate and sulfathiazole for the carboxylase of 
Escherichia coli. To determine the e.xact mec.hanism of the action of sulfar 
thiazole on the carboxjdase activity of bacteria, the following experiments were 
conducted. In one experiment, using two-armed Warburg flasks, sulfathiazole 
was first mixed with the bacteria, and then the substrate, sodium pyruvate, 
was added. In another experiment, sulfathiazole was added to the system 
immediately after sodium pyruvate and the bacteria were mixed. The results 
of these two simultaneous experiments are given in table 1. It can be seen 
that when sodium pyruvate was added to the mixture of sulfathiazole and 
bacteria, the carboxylase activity was inhibited from 35 to 37 per cent. In 
contrast, when sulfathiazole was added to the mixture of sodium pyruvate and 
bacteria, the inhibition was only from 4 to 7 per cent. This shows that both 
the substrate and sulfathiazole are attracted to the same active sites in the 
enzyme carboxylase. 

Failure of p-aminobenzoic acid to reverse the inhibition by aceteddehyde of the 
carboxylase activity of E. coli. It is known that acetaldehyde, the decarboxyla- 
tion product of sodium pyruvate, exercises a strong inhibitory effect on the car- 
boxylase activity of cells. This inhibitor evidently combines specifically with 
the active site of the enzyme and prevents its activity. This could be compared 
with the inhibition of carboxylase activity by sulfathiazole if both inhibitions 
could be counteracted by p-aminobenzoic acid. It was therefore of interest 

' This investigation has been aided by a grant from the Josiah Macy, Jr., Foundation. 

71 



72 


M. G. SEVAG, JANE HENRY, AND RUTH A. RICHARDSON 


to determine whether or not the inhibition by acetaldehyde is reversible by 
p-aminobenzoic acid. The results of experiments are presented in table 2. 

It can be seen that 4.06 X lO"^ m of acetaldehyde alone caused 83 per cent 
inhibition of the carboxylase activity of E. coli; 1 X 10““^ m p-aminobenzoic 
acid caused a 30 per cent, and 2.5 X 10“® m, a 17 per cent inhibition. Also 
1 X 10“2 M, 2.5 X 10“® M, and 6.25 X 10“^ m p-aminobenzoic acid failed to 

TABLE 1 

Competition between eodium pyruvate {5 X Kt'^u) and sulfathiazole (4-^4 X IO^m) for the 

carboxylase of E. coli (iM8 mg) 

The pH of the reaction medium was 7.2 


E. con ; 

SODIUM PYRUVATE ADDED LAST 

SULFATHIAZOLE ADDED LAST 

(Control 

Sulfathiazole 

Control 

Sulfathiazole 

a* 

b* 

a 

b 

a 

b 

a ! 

b 

mm* CO 2 evolved (2 hr) 

488 

6^ 

318 

324 

406 

413 

390 

380 

QCO.t 

197 

210 

128 

131 

164 

166 

157 

153 

Per cent inhibition 


— 

35 

37 

— 

— 

4 

7 


* a and b represent the results of two different experiments, 
t QCO 2 = mm* COa/hour/mg E, coli. 


TABLE 2 


Failure of p-amino benzoic acid to reverse the inhibition of the carboxylase actwty of E. coli 
(1.088 mg) by acetaldehyde (4*06 X IOt^m) and vice versa 


E, COLI 

i 

CONTROL 

^-AMINOBENZOIC ACID 

1 X 

1 2.5 X lO-sjl 

1 6.25 X 

Buffer 

Acet- 

alde- 

hyde 

Buffer 

Acet- 

alde- 

hyde 

Buffer 

Acet- 

alde- 

hyde 

Buffer 

Acet- 

alde- 

hyde 

mm* CO 2 evolved (3 hr) 

882 

132 

593 

51 

706 

92 

781 

131 

QCOj* 

261 

44 

182 

15 ! 

216 

27 

240 

36 

Per cent inhibition (when compared 









with absolute control) 

— 

83 

30 

94 

17 

90 

8 

87 

Per cent inhibition (when compared 









with the respective controls) . , . 

— 

83 

30 

92 

17 

87 

8 

85 


* QCO 2 - mm* of C02/hour/mg E, coli. 


exercise any antagonistic action on the inhibition by 4.06 X 10""^ M acetalde- 
hyde, In the presence of both acetaldehyde and p-aminobenzoic acid the in- 
hibition was the same as that exercised by acetaldehyde alone. That is, the 
inhibition in the presence of both substances was not additive. 

Reversal by p-aminobemoic acid of the inhibition by sulfathiazole of the car- 
boxylase activity of E. coli. It was shown above that p-aminobenzoic acid was 
incapable of counteracting the inhibition exercised on the carboxylase activity 
of B, coli by acetaldehyde. In the following experiments acetaldehyde was 
replaced by sulfathiazole. The results are presented in table 3. It can be seen 
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TABLE 3 


Reveraal hy p-aminohenzoic acid (p-ABA) of the inhibition by ^,8 X aulfathiazole of 

the carboxylase activity of E, colt 


PERIOD 

CONTROL* 

INHIBITION 
BY 8ULPA- 
THIAZOLE 

INHIBITION BY 

REVERSAL BY 
p-AHA 

(6.7X 10~< M) 

OF THE 
INHIBITION 
BY SULFATHIA- 
ZOLE 

1 

INHIBITION BY j 

REVERSAL BY 

;^-ABA (6 7 X 
10~* m) of the 

INHIBITION BY 
SULFATHIA- 
ZOLE 

^ABA 
(6.7 X 10~* 
11) alone 

^ABA 
+ sulfathia- 
zole 

p -ABA 
(6.7 X 10-*« 
m) alone 

^-ABA 
-f sulfa- 
thiazole 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(») 

(0) 

minutes 

«w*COa 

per cent 

per cent 

per cent 

per cent 

per cent 

per cent 

per cent 

30 

94 

26 

6 

0 

loot 

22 

26 

85t 

60 

317 

19 

6 

5 

100 

21 

20 

100 

120 

810 

20 

1 

6 

I 

10 

80 

21 

19 

100 


* The reaction system consisted of 0.2 ml of E. coli (measured with a Kahn pipette) 
suspension in m/16 phosphate buffer of pH 7.16 + 5,4 ml of m/120 phosphate buffer of pH 
7.16 + 0.1 ml of MgS 04 solution (0.1 mg Mg) -f 0.3 ml of sodium pyruvate of pH 7.16. 
Temperature « 37.5 C. Atmosphere « 95% N + 5% CO 2 . 

t The percentage of reversal was calculated by comparing the differences between col- 
umns (5) and (4) with that given under column (3), or column (3) — [column (5) — (4)]/ (3) 
X 100 « % reversal. 

J The values were obtained by identical treatment as described under the preceding 
note. 

TABLE 4 

Reversal hy p-aminobenzoic acid {p-ABA) of the inhibition of the carboxylase activity of 
Escherichia coli (;0.Ofd ing) hy 2,8 X sulfathiazole at pH 7.2 


1 

CON- 

SULFA- 

THIA- 

ZOLE 

/>-AMINOBENZ01C ACID 

i 

E. COLI 

TROL 

(BUF- 

6.2 X 

10-»M 

2.5 X 10-< M 

per) 

Buffer 

Sulfa- 

thiazole! 

Buffer 

Sulfa- 

thiazole 


a 

b 

a' 

b' 

a' 

b' 

mm* CO 2 evolved (3 hr) 

1206 

735 

950 

694 1 

844 

765 

QCOs 

200 

121 

157 

114 

138 

126 

Inhibition, per cent 







a. When compared with absolute control 

— 

40 

21 

45 

31 

37 

b. When compared with respective controls. . . 
Reversal by p-ABA of the inhibition by sulfa- 


40 

21 

27 

31 

8 

thiazole, in per cent 


— 

— 

32* 

— 

80 


* [a—b/a] X 100 «* A, per cent inhibition by sulfathiazole. 

[a'b'/a'J X 100 « B, per cent inhibition by sulfathiazole in the presence of p-ABA. 

(This is on the assumption that the inhibition by p-ABA is un- 
changed by addition of sulfathiazole.) 

A— B/A X 100 *** per cent reversal by p-ABA of the inhibition by sulfathiazole. 


that 6.7 X 10"^ M p-aminobenzoic acid alone caused only a 6 per cent inhibition, 
and 6.7 X 10“** m caused 22 per cent inhibition of carboxylase activity. On 
the other hand, 2.8 X lO"”* m sulfathiazole alone caused from 19 to 26 per cent 
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inlubition. This inhibition is reversed from 80 to 100 per cent by 6.7 X 10”^ M, 
or by 6.7 X 10“* m p-aminobenzoic acid. In the simultaneous presence of 
6.7 X 10~* M p-ABA and 2.8 X 10~* m ST the inhibition of carboxylase activity 
was equal to that caused by either alone. This indicates that the inhibition 
is not additive, and that both substances compete for the same active group in 
the enzyme. This may be interpreted to indicate that p-ABA antagonizes by 
maintaining its own inhibitory effect (when a higher concentration is used) on 
the enzyme and thus preventing sulfathiazole from exercising its inhibitory 
effect. In a lower concentration (6.7 X 10“^ m), p-ABA maintains its own union 
with the enzyme, without exercising inhibitory effect, and thus also prevents 
sulfathiazole from exercising an inhibitoiy effect. In the former case one 
molecule of p-ABA antagonized about 2 molecules of ST. In the latter case one 
molecule of p-ABA antagonized about 20 molecules of ST. 

TABLE 5 


Reversal by p-aminobenzoic acid of the inhibition by sulfathiazole of the carboxylase activity 

of Staphylococcus aureus 



QCOr-CONTKOL 

INHIBITION BY SULFATHIAZOLE 1.38 X 10~* M 

P£R10D 

Buffer 

^-Aminobenzoic acid 

Buffer 

j^-Aminobenzoic acid 


1 X 10-« M 

l.2X10-*M 

1.4 X 10-< M 

1.2 X 10 ’» M 

hr 




per cent 

per cent 

per cent 

1 

55 

52 

75 

40 

32 

26 

2 

71 

69 

84 

45 

32 

24 

3 

78 

74 

85 

42 

27 

21 

4 

80 

80 

1 86 

38 

28 

18 

6 

80 

80 

85 

33 

25 

17 


The reaction system consisted of 0.2 ml of staphylococcal (2 mg) suspension + 0.1 ml 
of Mg804 sol. (0.1 mg of Mg) + 5.4 ml of m/160 phosphate buffer of pH 7.16 + 0.3 ml of 
sodium pyruvate (26 mg) in an atmosphere of 95 per cent N and 5 per cent CO 2 , at a tem- 
perature of 37.6 C. QCO 2 = mm’ COj/hour/mg staphylococci. 

In a similar experiment (table 4), 6.2 X 10“* m and 2.5 X 10“^ m p-ABA alone 
caused, respectively, 21 and 31 per cent inhibition of carboxylase activity; 2.8 
X 10“® M ST alone caused 40 per cent inhibition. In the simultaneous presence 
of p-ABA and ST, the inhibition was not only not additive but with 2.5 X 1 0“^ m 
p-ABA the 40 per cent inhibition by ST was reduced to 8 per cent, and with 
6.2 X 10~® M p-ABA it was reduced to 27 per cent. These amount to from 32 
to 80 per cent reversal of inhibition. In bringing about an 80 per cent reversal 
of inhibition, one molecule of p-ABA was capable of antagonizing 10 molecules 
of ST. 

Reversal by p-aminobenzoic add of the inhibition by sulfathiazole of the carboxy- 
lase activity of Staphylococcus aureus. The results of an experiment with staphy- 
lococci are presented in table 5. In this experiment the hourly course of the 
antagonism between p-ABA and ST was determined for a period of five hours. 
It can be seen that in the presence of 1 .4 X 10“* m p-ABA the 33 to 45 per cent 
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inhibition by 1.38 X 10“^ m ST was reduced to 25 to 32 per cent, and with 1.2 
X lO*"® M p-ABA the inhibitions were reduced to from 17 to 26 per cent. These 
amount to a reversal of inhibition of from 35 to 53 per cent by ST. That is, 
one molecule of p-ABA antagonized, respectively, 10 and 1 molecules of ST. 

DISCUSSION 

p-Aminobenzoic acid was found to be incapable of reversing the inhibition, 
exercised on the carboxylase activity of E. coli, by acetaldehyde. The inhibition 
in the simultaneous presence of p-aminobenzoic acid and acetaldehyde was found 
to be nonadditive despite the fact that each alone caused, respectively, 83 and 
30 per cent inhibition. In the presence of both, the observed inhibition cor- 
responded to that exercised by acetaldehyde alone. Evidently the inhibitory 
combination between acetaldehyde and carboxylase prevents p-aminobenzoic 
acid from also combining with the active site of the enzyme. In contrast, p- 
aminobenzoic acid counteracted the inhibition exercised on carboxylase by 
sulfathiazole. One molecule of the former was capable of counteracting from 
1 to 20 molecules of the latter. In a preceding report it was demonstrated 
that one molecule of cocarboxylase was capable of counteracting the inhibitory 
action of from 200 to GOO molecules of sulfathiazole on the activity of carboxy- 
lase. These show that the coenz^une cocarboxylase is from 10- to 20-fold more 
effective as a sulfathiazole antagonist than is p-aminobenzoic acid. 

In this connection a reference to previous observations may be of interest. 
In experiments extending over a 4-hour period, Sevag and Shelburne (1942) 
found that one molecule of p-aminobenzoic acid neutralized the inhibitory effect 
exercised on the aerobic and anaerobic respiration of Streptococcus pyogenes 
by 6 to 6G molecules of sulfanilamide. Clifton and Loewinger (1943) reported 
that the inhibitory effect of sulfanilamide on the anaerobic respiration of E, 
coli is prevented by p-aminobenzoic acid. Their results show that one molecule 
of p-aminobenzoic acid neutralized 125 molecules of sulfanilamide. 

In conne(^tion with the results on the inhibition of carboxylase by sulfathi- 
azole, it may also be of interest to refer to the fact that one molecule of p-amino- 
benzoic acid was found by Wyss et al. (1942) to neutralize the inhibition of the 
half-maximal growth (16-hour period) of Slophylococcus aureus by 53, and that 
of E, coli by 27 molecules of sulfathiazole. These ratios compare favorably 
with those found in our experiments on the carboxylase activity of S, aureus 
and E. coli. 

In all of these instances, there is no evidence that p-aminobenzoic acid par- 
ticipates actively in the metabolic activities of the organisms studied to ac- 
count for its sulfonamide-antagonizing property. This is particularly true in 
those cases in which resting cells, and isolated enzyme systems, have been tested. 
Kohn and Harris (1941) postulated that p-aminobenzoic acid acts as a catalyst. 
As will be discussed later, this is contrary to the known facts. It is known that 
p-aminobenzoic acid inhibits the grow^th of certain bacteria and the activity of 
certain enz3rmes. This will be evident also from the discussions which follow. 
Considering, however, the postulate of Kohn and Harris in the light of the 
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In two previous reports, it was shown that cocarboxylase and p-aminobenzoic 
acid counteract the inhibitory effect of sulfathiazole on yeast and bacterial 
carboxylases. Whereas cocarboxylase brings about this effect without exer- 
cising any inliibitory action on carboxylase, p-aminobenzoic acid exercises the 
antagonistic action to sulfathiazole while maintaining a certain degree of in- 
hibitory effect of its own on carboxylases. That is, p-aminobenzoic acid be- 
haves as an inhibitor and thereby counteracts the effect of other inhibitors 
weaker or stronger than itself. 

In the preceding studies, the experimental conditions were such that cells, 
exercising carbo.vylase activity, could not multiply. In the present study, the 
antagonism between proteins and sulfonamides was investigated. Under these 
conditions (‘ells multipled; and growth w'as estimated from measurements of 
turbidity with the Klett-Summorson photoelectric colorimeter. To correlate 
the weight of cells with their carboxylase activity at a given time, the bacterial 
turbidity was measured immediately after the last manometric reading. To 
obtain approximate values, the averages of initial and final numerical values 
were calculated. They are given in the following tables. These, no doubt, 
do not represent absolute values. However, since, in a study of thLs nature, 
only the comparative V'alues are of significance, the expressed average results 
do not inv’olve errors of a serious nature. 

RESULTS 

Reversal by neopeplone of (he inhibition of carboxylase activity of Staphylococcus 
aureus and Escherichia coli by sulfathiazole 

The results presented in table 1 with Staphylococcus aureus show' that in a 
buffer mixture the carboxylase activity of staphylococci is inhibited 03 per 
cent by 4.14 X 10~* M sulfathiazole. This inhibition is reduced to 35 and 
20 per cent, respectively, by 0.043 and 0.172 per cent neopeptone. This cor- 
responds to from 44 to 68 per cent reversal of inhibition. 

The results of experiments with Escherichia coli arc presented in table 2. 
It can be seen that 4.14 X 10“® m sulfathiazole exercises a 57 per cent inhibition 

‘ This investigation has been aided by a grant from the Josiah Macy, Jr., Foundation. 
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of carboxylase activity. In the presence of 0.086 and 0.86 per cent neopeptone 
this inhibition was reduced to 32 and 15 per cent, respectively. 

TABLE 1 


Reversal by neopeptone of the inhibition of the carboxylase activity of Staphylococcus aureus 

by sulfathiazolc 



CONTROLS 

SULFATHIAZOLE 

0 

X 

STAPHYLOCOCCUS AUREUS 


1 Neopeptonc (per cent) 


Ncopeptone (per cent) 


j Buffer 

- 

, — 

— 

Buffer 


— .- — 

— 



0.043 

0.172 

0.86 


0.043 1 

0 172 1 

0.86 

Weight of staphylococci in mg (3J- 









hr period) ... 

2.08 

2.39 

2.59 

2.76 

2.08 

2.39 

2.59 

2.75 

mm® CO 2 evolved (3i-hr period) 

772 

1874 

‘883 

880 

286 

570 j 

710 

705 

QCO, 

106 

|104 

97 

90 

39 

68 1 

78 

72 

Inhibition (per cent) . . 

— 

— 

— 

— 

63 

35 

20 

20 


* Weight of inoculum was 2.08 mg of staphylococci . QCO 2 « mm® COi/hour/ing staphy- 
lococci. 


TABLE 2 

Reversal by neopeptone of the inhibition of the carboxylase activity of Escherichia coli by i.H 

X sulfathiazolc {ST) 


E. COLI 

BUTTER 

NTOPEPTONE 0 086% 

NEOPLPTONE 0 86% 

Control 

ST 

Control 

ST 

Control 

ST 

E. coli in mg (4-hr period) . 

; 0.58 

0.58 

0,72 

0.63 

0.79 

0.74 

mm* CO 2 (4-hr period) 

268 

117 

943 

562 

1,666 

1,320 

QCO 2 

116 

50 

328 

223 

526 

447 

Inhibition (per cent) 

— 

57 

— 

32 

— 

15 


QCOt JtUR* COa/hour/mg E. coli. 


Comparison of the effects exercised by neopeptone and serum albumin in counter- 
acting the inhibition of the carboxylase activity of E, coli by paror, meia-y 
and oriho-aminobenzenesulfonamidesy^ and para-aminobenzoic acid 

The results presented in table 3 show that in simple buffer medium paror, 
meta-, and or^/io-aminobenzenesulfonamides inhibited the carboxylase activity 
of E, coliy respectively, 68, 43, and 100 per cent. In the presence of 0.86 per 
cent neopeptone the inhibitions were reduced, respectively, to 19, 7, and 10 
per cent. In contrast, neopeptone did not exercise any antagonism to the in- 
hibition by p-aminobenzoic acid. This indicates that this substance exercises 
a greater affinity for carboxylase than for neopeptone. 

The results of experiments with human serum albumin (from Dr. H. B. 

* We are indebted to Dr. R. 0. Roblin, Jr., of the American Cyanamid Company, and 
to Dr. R. H. Kienle, of the Calco Chemical Division of the American Cyanamid Company, 
for the gift of the samples of mefa- and orfAo-aminobenzenesulfonamides. 
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Vickery) are presented in table 4. It can be seen that in simple buffer medium 
para-, inetor, and or^/io-aminobenzenesulfonamides inhibit the carboxylase ac- 
tivity, respectively, 71, 25, and 82 per cent. In the presence of 2 per cent serum 
albumin, the inhibition by the para isomer showed no change. With the meta 
isomer the inhibition was not only abolished, but the activity was increased 40 
per cent, and 82 per cent inhibition by the ortho isomer was reduced to 8 per 

TABLE 3 


Reversal by ncopepione (QM per cent) of the inhibition of the carboxylase activity of E.coU 
by ^.4 X M para-, meta-, and ortho-aminobenzenesulfonamides, and para- 

aminobenzoic acid 


E. COU 

CONTROL 

1 

PARA 

META 

ORTHO 

p-ABA 

Buffer 

Neo- 

peptonc 

Buffer 

Neo- 1 
peptone 

Buffer 

Neo- 

peptone 

j 

Buffer 

Neo- 

peptone 

Buffer ^ 

Neo- 

peptone 

E. coli in mg 
(4 hr) 

0.54 

0.76 

0.54 

0.76 

0.54 

0.76 

0.54 

0.74 

0.54 

0.68 

mm* CO 2 (4 
hr) . . . 

! 

415 

1,992 

127 

1,6)0 

235 

1,850 

0 

1.748 

129 

239 

QCOr. 

192 

659 

59 

633 

109 

612 

0 

592 

60 

87 

Inhibition 
(per cent) . . 



68 

19 

43 

7 

100 

10 

68 

87 


QCO 2 =* mm3 COj/hour/mg E. coli. 


TABLE 4 


Comparison of the inhibitory effects of S4 X if para-, meta-, and ortho -aminobenzene^ 
sulfonamides and para-aminobcnzoic acid on the carboxylase activity of 
E, coli in the presence of serum albumin {2 per cent) 


E COU 

CONTROL 

PARA 

1 

META 

ORTHO 1 

j ^"ABA 

Buffer 

1 

Al; 

butnin 

Buffer 

1 Al- 
bumin 

Buffer 

bu^n 

Buffer 

!. Al: 

bumm 

Buffer 

j Al- 
bumin 

E. coli in mg (2 hr) 

0.83 

0.83 

1 0.83 

0.83 

0.83 

0.83 

0.83 

0.83 

0.83 

0.83 

mm® CO 2 (2 hr) 

162 

61 

48 

17 

123 

85 

29 

56 

68 

6 

QCO 2 

100 

37 

29 

10 

75 

52 

18 

34 

41 

3 

Inhibition (per cent) 

— i 

63 

71 1 

! 

73 

25 

—10 

82 

8 

59 i 

92 


QCOs =» mm3 COa/hour/mg E* coli. 


cent. The inliibition by p-aminobenzoic acid in buffer medium was 59 per cent, 
and in serum albumin it increased to 92 per cent. It is of interest that both 
paro-aminobcnzenesulfonamide and p-aminobenzoic acid, in contrast to victa- 
and ar/Ao-aminobenzenesulfonamides, maintain their inliibitory effects in the 
presence of serum albumin. It must also be noted that 2 per cent serum al- 
bumin itself causes a marked inhibition of carboxylavse activity. In this re- 
spect, and in its antagonistic action, human serum albumin behaves similarly 
to p-aminobenzoic acid. 
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Reversal by ncopeptone of the inhibition of carboxylase activity of E. coli by serum 

globulin 

It was shown above that fractionated human serum albumin exercises an 
inhibitory effect on the carboxylase activity of E. coli. The results presented in 
table 6 show also that 0.017 and 0.085 per cent fractionated human serum glo- 
bulin caused, respectively, 35 and 68 per cent inhibition of carboxylase activity. 
In the presence of 0.085 per cent neopeptone these inhibitions were reduced to 
8 and 48 per cent respectively. These reductions correspond to 77 and 30 
per cent reversal of inhibitions. 


TABLE 5 


Reversal by neopeptone {0.086 per cent) of the carboxylase activity of Escherichia coli by serum 

globulin 


E. COLI 

CONTROLS 

GLOBULIN (0.017%) 

GLOBULIN (0.085%) 

Buffer 

Neo- 

peptone 

Buffer 

Neo- 

peptone 

Buffer 

Neo- 

peptone 

E. coli in mg (4 hr) 

0.83 

1.24 

0.83 

1.24 

0.82 

1.24 

mm* CO 2 (4 hr) 

365 

2,029 

234 

1,864 

118 

1,055 

QCO 2 

no 1 

410 

71 

377 

35 

213 

Inhibition (per cent) . . 

— 


35 

i 8 

68 

48 

Reversal by neopeptone (per cent) 

— 

— 

1 

1 77 

— 

30 

1 


QCO 2 « mm* C 02 /hour/mg E. coli. 


DISCUSSION 

The results presented in this report show that the inhibition of carboxylase 
activity of E, coli by sulfathiazole is counteracted by neopeptone. Under 
similar conditions the high inhibitions exercised on E. coli carboxylase by para-, 
metchy and or^/io-aminobenzenesulfonamides are also counteracted by neo- 
peptone. In contrast, the inhibition by p-aminobenzoic acid is not counter- 
acted by neopeptone. These results indicate that neopeptone manifests greater 
affinity for carboxylase than these sulfonamides. 

A human serum globulin fraction, composed of a mixture of alpha and beta 
globulins, exercised strong inhibitory effect on the carboxylase activity of E, 
coli. This inhibition likewise was found to be reversible by neopeptone. 

Human serum albumin also exercised a measurable degree of inhibition on 
E. coli carboxylase. In this capacity, serum albumin was found to be incapable 
of counteracting the inhibition exercised by para-aminobenzenesulfonamide 
and para-aminobenzoic acid. In contrast, the inhibitions by meton and ortho-- 
aminobcnzenesulfonamides were abolished. With the meta isomer, in the pres- 
ence of serum albumin, 40 per cent increase in the activity of carboxylase was 
observed. These facts show that the selective action of p-aminobenzenesuKon- 
amide on E. coli is resistant to the reversing action of serum albumin, whereas 
the action by the other isomers is easily counteracted. 

The resistance to 2 per cent human serum albumin of the inhibitory action 
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exercised on a respiratory enzyme by p-aminobenzenesulfonamide (sulfanil- 
amide), and the ease with which serum albumin abolishes the inhibitory effects 
of metxi and ortho isomers, appears to contribute to an explanation of the anti- 
bacterial chemotherapeutic activity of the former, and the absence of activity 
of the latter two, in clinical practice. It is to be noted that the sulfonamide- 
antagonizing property of neopeptone is only of theoretical, whereas that of 
serum albumin is both of theoretical and practical, interest. In this connection 
a study with E, coli by Davis (1943) is of interest. His findings and ours (Sevag, 
Henry, and Richardson, 1943) appear to corroborate each other. Davis found 
that the neutralization by 3 per cent human serum albumin of the bacteriostasis 
exercised by sulfonamides was most marked for sulfathiazole and least marked 
for sulfanilamide; with sulfapyridine and sulfadiazine it was intermediate but 
variable. Our results with sulfanilamide, which inhibited E, coli carboxylase, 
in the presence of 2 per cent fractionated serum albumin, appears to compare 
favorably with the results obtained by Davis. 

In this connection reference to an earlier study is also of interest. Axmacher 
and Ludwig (1936) investigated the inhibitory effects of several aromatic 
sulfonic acids and germanin on the activity of a carboxylase preparation from 
brewers' bottom yeast (a clear, macerated yeast extract). In 3 X 10~^ m and 
3 X 10~^ M concentrations germanin exercised, respectively, 95 and 91 per cent 
inhibition on carboxylase. Blood serum (final concentration in reaction system, 
30 per cent) and 0.5 per cent Witte peptone were tested vith respect to their 
antagonistic action on the inhibition by germanin. Blood serum completely 
reversed the inhibition by 3 X 10”^ m germanin. Peptone reduced the 91 per 
cent inhibition by 3 X 1 0*“^ m germanin to 2 per cent, but exercised no antagonis- 
tic action against the 95 per cent inhibition by 3 X 10”® m germanin. Evidently 
there is a critical concentration for each substance involved in these reactions. 
One-half per cent gelatin showed no reversing action in this respect. 

In formulating the mechanism of these antagonistic reactions, it appears to 
be clear that proteins and carboxylase compete for sulfonamides (or germanin), 
and proteins compete with the drugs for carboxylase. According to Davis, the 
albumin-bound drug is ineffective, that is, the drugs enter into a “combination'* 
with serum proteins. In view also of the fact that serum proteins inhibited 
carboxylase, it must be concluded that serum proteins also combine with the 
enzyme. Under these conditions, they may or may not exercise inhibitory 
effect on the activity of the enzyme, but they will be capable of preventing an 
inhibitory union betw^een the drug and the enzyme. These observations can 
be expressed by the following scheme: 


(Proteins. 


Sulfonamidesl Proteins + Sulfonamides + EnsymeB (Enssnnes: :: Sulfonamides] 


Jf 


(Proteins: : lEnsymee] 


(::: indicates a reversible combination.) 


That proteins enter into a combination with enzymes is evident also from 
the foDowing experimental facts: inhibition of pepsm and trypsin by combining 
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with peptonelike substances (Northrop, 1922); irreversible combination between 
urease and trypsin (Tauber and Kleiner, 1931); formation of ‘^edestin-pepsin*^ 
complex (Northrop, 1933); inhibition of milk-coagulating properties of pepsin 
and rennin (Tauber, 1934); reversible inactivation of tobacco mosaic virus by 
trypsin (Bawden and Pirie, 1937); a reversible, mutually inhibitory combina- 
tion between ascarasc and trypsin (Sang, 1938); and a reversible combination 
between d-ribonuclease and tobacco mosaic virus (Loring, 1942). (For a com- 
prehensive discussion of these combinations, see Sevag, 1945.) Only a careful 
consideration of these factors can orient us in formulating the true mechanism 
of the action of sulfonamides. 


SUMMARY 

Neopeptone counteracted the strong inhibitory effects exercised on the car- 
boxylase activity of Escherichia call by para-, meta, and or^/io-aminobenzene- 
sulfonamides, but showed no effect on the inhibition by p-aminobcnzoi(^ acid. 
Neopeptone exercised no inhibition on carboxylase. 

Neopeptone counteracted also the inhibition exenjised on the carboxylase 
activity of E. coli by human alpha and beta globulins. 

Human serum albumin counteracted the inhibitory effects exercised on the 
carboxylase activity of E. coli by meta- and ori/io-aminobenzenesulfonainides, 
but had no effect on those exercised by p-aminobenzenesultbnamide and p-amino- 
benzoic acid. The relation of these observations to the clinu^al significancjc of 
the active drugs is discussed. 

A scheme is presented which shows that drugs can combine reversibly with 
enzyme proteins. It also shows that foreign proteins may exercise their anti- 
sulfonamide action by combining with either enzyme proteins or drugs. 
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The instability of penicillin in aqueous solution has b(;en known since the 
time of its discoviwy by Fleming (1929). However, beyond the general recogni- 
tion that excess acidity or alkalinity caused rapid inactivation, little work has 
been niportcd on the inactivation of penicillin over a wide pH range and at 
diffiwent temperatures. The maximmn stability range of a barium salt, of 
penicillin tested in aqueous solution by Abraham and Chain (1942) was between 
pH 5..5 to 7.5. Activity was retained at 2 C for several months, at 25 C for 
.several w<ieks, and at 37 C for 24 hours, whereas most of the activity was lost 
in 30 minutes at 100 ('!. llammclkarap and Helm (1943) studied the stability 
of penicillin during a 24-hour period at 5 (.■ and 37 C in veal infusion broth at 
pH 2, 3, 4, 5, and 7.3. Although the original concentration of jienicillin was 
low (0.025 Oxford units per milliliter), they were able to show rapid inactivation 
at pH 2 and 4 at both temperatures, partial inactivation at pH 5 and 37 (.', 
and no inactivation at pH 4 and 5 at 5 (k Foster and WOker (1943) conducted 
similar experiments in buffer solutions at pH 2.0, 2.6, 2.9, 4.8, 5.8, 6.8, 7.9, 
9.4, and 10.3. The initud concentration of penicillin was only 0.168 Oxford 
units per milliliter. They concluded that penicillin is exceedingly labile in a 
medium below {>11 4.8 or above 7.9, losing all activity in a matter of hours. 
The i)urity of the penicillin used by Rammelkamp and Helm and by Foster and 
Wilker was not given, but it is apparent from the low concentration (expressed 
as potency) that only partially purified i)reparations were used. 

Previous experiments conducted by the authors with crude penicillin had indi- 
cated that the optunum stability in aqueous solution was between pH 5.6 and 
6.1 iiLstead of at pH 7.0, which had been previously considered as the stability 
optimum. Furthermore, it was expected that crude penicillin would prove to 
bo less stable than the crystalline material, and examination of the data presented 
here substantiates this sui)positiou. 

^ Presented by Robert G. Benedict at the Annual Meeting of the Society of American 
Bacteriologists, New York, New York, May 3-5, 1944. 

* The expenses of the work described in this paper were met in ])art from Contract 
OEMcmr-100 with the Office of Scientific Research and Development., recommended by tlie 
Committee on Medical Research, 

3 Ensign, U.S.N.R., formerly of the Agricultural Motor P'ucls Division, Northern Re- 
gional Re.search Laboratory. 

^ This is one of four regional laboratories operated by the Bureau of Agricultural and 
Industrial Chemistry, Agricultural Research Administration, U. S Department of Agri- 
culture, 
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The present investigations differ essentially from the previous studies in that 
a crystalline sodium salt of penicillin was employed. The initial concentration 
was of sufficient potency that reasonably accurate determinations of the rate 
of decomposition could be made. The data cover a pH range of 2.0 to 11 0 
and a temperature range of 0 C to 37 C. 

MATERIALS AND METHODS 

Two samples of penicillin were employed in this work. Both were prepared 
from crude penicillin obtained from submerged growth of Penidllium notatum, 
NRRI.< No. 832. A pure crystalline preparation of the sodium salt of penicillin 
was used for most of the detenninations. In addition, the stability of a par- 
tially purified penicillin was compared with that of the crystalline salt at pti 
2,0 only. 

The buffer systems employed were those whose buffering capacities were near 
maximum for the desired hydrogen ion concentration. I'he systems used w(*r(‘ 
(1) n2S04-Il3P()4“K0Il (approximately 0.2 n) for pH 2.0 and 3.0; (2) Mac- 
Ilvaine/s CfiHgOy-ILiO (citric acid)-Na2HP04 for pH 4.0 and 5,0; (3) K‘2lljH)4- 
KH2P()4 for i)Tl 5.5, 5.8, 6.0, 0.5, 7.0, and 7.5; (4) lUlMVNaOH plus UC\ for 
pll 8.0 and 9.0; jind (5) HsBOa-NaOIl plus NaOH for pTl 10.0 and 1 1.0. Each 
buffer was carefully checked with a Beckman pll meter, and small amounts of 
chloroform and toluene were added to prevcuit grow’th of microorganisms. 

Temperatures used in these investigations were 0, 10, 15, 24, 30, and 37 (\ 
Constant temperature ))aths Avere employed for 24, 30, and 37 C, A w’ell- 
insulated cold wat(T bath was maintained at 15 C for tests at pH 2.0. For 
long-term experiments at- 10 C, a bath was installed in a refrigerator maintain(‘d 
at that temperature. A large Dew’ar flask, filled w ith crack(‘d ice and stoppered 
with cork, provided an excellent bath for 0 C studies. 

For each experiment w ith the crystalline sodium salt of penicillin, a careifully 
WTUghed sample* in a volumetric flask avjxs dissolved in buffer at the de^sin*d 
temperature to give a final cone^entration of 100 to 125 Oxford units p(‘r milli- 
liter. TVie partial! 3" purified penicillin solution was transfen’re*d by pipette and 
diluted to approximatel.y the^ same concentration. After taking a zero time 
sample, the penicillin buffer mixture was immersed in a bath held at the rcciuired 
temperature. Additional samples wTre taken at intervals throughout the ex- 
periment. Each sample withdrawn w^as immediately diluteid with ice-cold 
phosphate buffer at pH (>.0 to stop penicillin inactivation and to provide suit- 
abb* dilutions for assay. These w(*re stop])er(Ml and ntVige rated at 4 C until 
assayed in the aftcuiioon or (;v(*ning of the saints day. Tlu^ cylinder-platc*, method 
of Schmidt and Moycu’ (1944) was utilized (or all assays, and the xahies fj'om 
two or thiee plates wore averaged to determine* eacdi point. Final j)H valuers 
wen* (l(*termined on the penicillin buffer mixtures at- the conclusion of each 
exfieriment. 

EXPERIMENTAL RESULTS 

The first inactivation studies were madc^ at pH 2.0 and 0 C. A trial run 
was conducted to determine llio aiiproximate rate of inactivation and time 
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FlC. 3, DkCOMPOMITION op ChYSTALUNB and PaRTIADLY I’URiPlEU PkNICII.UNS A'l pi 

2 . 0 - 0 (' 



Fio. 4. Decomposition op Cbtstalune Penicillin at pll 3.0 


2). The distribution of points for the slopes shown in this figure are considered 
representative of those obtained throughout the work. The effect of tempera- 
ture is such that the times required to destroy 50 per cent of the penicillin at pH 
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Fio. 5. Effect of Various Tf,mpehatures on Crvstalline Penicillin at pH 4.0 



Fia. 6 . Stability of Crystalline Penicilun at pH 6.0 

2.0 are approximately 5 hours at 0 C, 77 minutes at 10 C, and 17 minutes at 
24 C. Tests were run at 15 and 30 C, and the slopes for these temperatures 
are also shown in figure 2. The points used to determine them were purposely 
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omitted to avoid confusion. The additional information enabled one of us 
(Olcson) to derive certain mathematical formulae pertaining to the inactivation 
of crystalline penicillin at pH 2.0. This material may be found in a separate 
section of this paper. 

A comparison of the stability of partially purified penicillin with that of the 
crystalline material was made at pH 2.0 and 0 C. Figure 3 shows the results of 
this comparison. The increased rate of destruction in the impure material is 



Fig. 7. Time in Hours Keqttirkd to Destroy 99 Per Cent of Crystalline Penicillin 
AT 0, 10, AND 24 C' Plotted against pll 

probably due to the presence of certain impurities which react with penicillin, 
the curve representing the summation of this effect and that resulting from the 
acidity of the solution. 

The stability of the crystalline salt was tested at pH 3.0, 4.0, and 5.0 using 
0, 10, and 24 C as the temperatures. For each unit rise in pH, the stability 
increased so markedly that the interval between taking of samples in the pH 
5.0 series was increased to one day. Figures 4 and 6 show the slope of the lines 
for pH 3.0 and 4.0, respectively. After sampling at intervals for 25 days from 
the pH 5.0 and 0 C flask, the penicillin concentration was still above 100 units 
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per milliliter. This experiment was discontinued for that reason and accounts 
for the absence of a pH 5.0 and 0 C slope in figure G. Some rather interesting 
data were obtained by plotting pH (on semilogarithmic, 5-cycle paper) against 
the time needed to destroy 99 per cent of the penicillin at 0, 10, and 24 C (figure 
7). The slopes thus attained arc parallel and give some indication of the 
stability at pH G.O. On the basis of this information, it was not practical to 
make runs with pH G.O and temperatures of 0 and 10 C because the predicted 
times for 99 per cent inactivation were 42,000 and 14,500 hours, respectively. 

Summary of mathematical data 'pertaining to decomposition of penicillin at pH 2.0 

Previous refen’ence has been made in this paper to the deprivation of certain 
mathematical formulae by one of the authors. The data presented at this time 
are limited to a summar^’^ of this work since the mathematical calculations in- 
volve considerable detail. 

The decomposition of penicillin at a constant pH of 2.0 appears to be a first- 
order irreversible reaction. The results may be expressed as follo^*«: 

iog ,0 ^ = K‘(0 - e») (1) 

Cq = concentration of penicillin at time So. 

= concentration of penicillin at time S, 

=• reaction rate constant. 

Co and C may l)e expre8.scd in ^^ny units. 

$ is expressed as minute.s. 
has tli(* dimension, 

The exi>erimentaUy dcdenriined constant was obtained at pH 2.0 at 0, 
10, 15, 24, and 30 C. The reaction rate constant was correlated with the 
Arrhenius equation to secure an equation with as a function of temperature. 
The result is equation (2). 

At pH = 2.0 

logio K' == -3818 T -i- 11.05874 (2) 

T = 1emperatur(‘ of reaction, (273 + t, ® C.). 

Equation (2) may be used to calculate for any t('inperature (—10 C to 
+40 C) at pH == 2.0. The detennined value of K' is them used in equation 
(1) to deUumine th(P extent of decomposition at any time, if the original con 
centration and time at which tlio npaction begins is known. 

The rate of decomposition may be detennined l)y calculating using (2) 
and substituting in tlup equation 

rlP 

= -2.3026 K*C (3) 

(id 

where C is expressed as desired. In the Avork dom; it would be (units per milli- 
liter) and since K‘ is (min"^) then the rates is expressed dhncnsionall}' as units of 
penicillin per milliliter disappearing per minute. 
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Fio. 8. Stability of Crtstallinb Penicillin at pH 9.0, 10.0, and 11.0 (24 O 



Fio. 9. Stabiuty of Cbystallinb Penicilun at pH 6.0, 7.0, and 8.0 (24 C) 
Inactivation of erystaUine penicillin at pH 6.0 to 11.0 

Dotted mvQstigations of the same nature as those from pH 24) to 54) wero 
not possitde in this phase of the work, due to the large numbers of assays neces- 
sary for othfflr penicfflin projects in the laboratory. Hie inactivataon of pnnifliii^ 
at pH 9.0, 10.0, and 11.0 (24 C) is shown in figure 8. 
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Fio. 10. Effect of pH on Time Required to Decompose 50 Per Cent of Crystalline 
Penicillin in Aqueous Solution at 24 and 37 C 

TABLE 1 

The effect of pH and temperature on the half-life of penicillin 


(time in hours to inactivate 50 per cent) 


pH 

oc 

IOC 

24 C 

37 C 

2.0 

5.2 

1.28 

0.283 

— 

3.0 

32.52 

8.2 

2.33 

— 

4.0 

269.2 

68.4 

13.2 


5.0 


458.4 

107.2 

— 

5.5 


— 

— 

67.2 

5.8 

— 

— 

318 

85.2 

6.0 

— 


356 

99 

6.5 

— 

— 

290.5 


7.0 

— 

— 

252 

81.6 

7.5 

— 

— 

180 

61.2 

S.O 

— 

— 

122.4 

29.8 

9.0 


— 

36.0 


10.0 


— 

9.7 

— 

11.0 

— 


1.7 

— 


* Estimated. 


Stability tests were run at pH 6.0, 6.5, 7.0, 7.5, and 8.0 at 24 C. Samples 
were taken for dilution at 1-day intervals and 16 points were used to determine 
the slope of each line. Three of these slopes (for pH 6.0, 7.0, and 8.0) axe shown 
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in figure 9. From these results it appeared quite certain that pH 6.0 was the 
optimiun stability point for crystallme penicillin in aqueous solution. Before a 
stability curve at 24 C was drawn, tests were conducted with pH 6.5 and 6.8 
at 24 C, and with pH 6.5, 5.8, 6.0, 6.5, 7.0, 7.5, and 8.0 at 37 C. Figure 10 
shows the effect of pH on the time required to inactivate 60 per cent of a solu- 
tion of crystallme penicillin at 24 C. The data available from the 37 C inves- 
tigations (pH 5.5 to 8.0) are also included. A more complete summary of the 
effect of temperature and pH on the “half-life” of penicillin (time required to 
inactivate 50 per cent) is shown in table 1. These data show the rapid increase 
in stability of penicillin as the hydrogen ion concentration decreases (pH 2.0 
to 6.0) with subsequent increase in decomposition as the concentration of hy- 
droxyl ions becomes greater. 


DISCUSSION 

The authors hope that this work will greatly assist in the clarification of 
previous knowledge concerning the instability of penicillin. The program of 
work was originally outlined to include decomposition studies at pH 2.0 to 

6.0 only. Consequently, more data were gathered concerning the stability 
in that pH range than at higher pH values. Reasonably accurate results w'ere 
more easily attained when an inactivation experiment was completed in 1 to 5 
days or less, since slight variations in pH or temperature were then less likely 
to occur. These sources of error were much harder to control in long-term 
experiments. Destruction of penicillin in the runs with pH 4.0 at 0 C and pH 

5.0 at 10 C was so slow that accurate slopes were difficult to obtain within the 
time allowed for the experiments. Any microbiological method of assay is 
subject to certain errors, regardless of the competency of the investigator em- 
plojring it. The cylinder-plate assay method of Schmidt and Moyer (1944), 
used in this work, may be in error 15 to 20 per cent. However, the writers, and 
the authors of the paper cited, arc of the opinion that in the experiments reported 
here ±8.0 per cent is a more likely error than 15 to 20 per cent. The assay 
errors in these investigations were greatly reduced by using two or three plates 
for each diluted sample so that 6 to 9 values were averaged for each point on a 
slope or curve. It is believed that the inactivation caused by the buffers in 
these experiments was brought about by excess hydrogen or hydroxyl ions and 
not by the presence of other ions in the systems. It is possible that different 
results might have been obtained with other buffers, but this phase was not 
investigated. 


SUMMAEY 

A series of graphs has been presented to show the stability of a crystalline 
sodium salt of penicillin in aqueous solution at pH 2.0 to 11.0 at various tem- 
peratures. When compared with a solution of the crystalline salt at pH 2X1 
and 0 C, a partially purified solution of penicillin under the same conditions 
was found to be less stable. 



PBNICIIiUN 


96 


It appears that the destruction of penicillin in aqueous solution is a first-order 
irreversible reaction. 

The time required to destroy a solution of crystalline penicillin at pH 2.0 
between — 10 C and *+-40 C, and the rate of destruction at any chosen point 
during that time, may be calculated by the use of formulae derived from the 
data presented in this paper. 
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THE GLANDERS ORGANISM WITH REFERENOE TO ITS (T:LL 

lN(^IA\SJONS 


GOJiDOX WOULKY, Jit., and CJEUALD YOUNC; 

The VnivcrHiin of Texas j Brucellosis Uesearch, and the Clayton Foundation for Research, 
Austin; and John Scaly Ilos/nial Laboratory, The ('mversity of Texas Medical 
School, Galveslon, Texas 

Rpt^eived for publication August 24, 11)44 

Ka(*h of a numbtu' of (^urroril ioxts in liaoteriology irdVrs to th(i irn‘gular stain- 
ing of the glandcTs organism, aliliougli no satisfaeloiy (*x[)lanalion is offered 
for this feature of Mallromyces viallrt, Willi r(der(‘riee to tliis sulijeet Zinsser 
and Bayne- Jones (1939) stall' : “Stained in llu' usual maiiiu'r with mi'thyleni*, 
])lue, . . .[the glandiTs organism] shows marki'd irn^gularity in staining qualities; 
granular deeply staining arc'ius alteniating with very faintly stained or (‘utindy 
unstained portions. This diagnostieally hi'lpful eharaelc'ristie has liei'ii vari- 
ously interpret I'd as a mark of di'geiu'rat ion or a preparatory htagi* for sporula- 
tion.” These authors eonjeetun* tliat tlu' irri'gular staining is proliably dm) to 
iK'itlu'r of the two ('xpla-iiations but ratlu'r to “an inhi'rent irregularity in the 
normal protoplasmic composition of the bacillus, not unliki' that of B. dipli- 
Ihmacf' Likewise Jordan and jhirrows (1941) stall': “Thought by some to 
resemlJe spores, granular material within the cells is probalJy \'i>lutin or similar 
substances.” v^imilar references to the irregular staining of the glanders or- 
ganism are made l>y Topk'y and Wilson (1939), liy Belding and Alarston (1938), 
by Bergoy (1939), and by Fairbrother (1941), without an attempt to account 
for such irregularity. 

Since we ti*lt that the irregular staining of the glanders organism might be 
attributed to certain cell inclusions, we decided to study this feature of the 
organism w*ith particular interi'st in deti'rmining whether or not fat bodies are 
])resent. 


MATKRIA1.S AND MKI'HODS 

Till' follo^ving strains of Malleomyccs mallei were obtained: 


M . mallei 2024. . 

M . mallet F 

M mallei 2024 
M. mallei 8309 ... 
M. mallei 8310.. . 
M. mallei 77 


The University of MichiKiiii 
r. S. Department of Agriculture 
S. D<*partrnenl of Agriculture 
American Type (’ulture Collection 
American Ty})e C.'ulture Collection 
American Type Culture Collection 


Organisms Irom plain agar and glycerol glucose agar cultures were stained 
with gentian violet, methylene blue and acid fuchsin. In addition, organisms 
from slants of plain agar, tryptosc agar, and glycerol glucose agar were obtained 
for Sudan black B wet mounts prepared in ac(!ordaucc wit h Hartman's proce- 
dure (1940). To obtain a wet mount preparation of this pathogen whicli could 
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Fk;. 1. Acid Fiiciisin Stain ot* 3-DAy-oia> Mallkomyckh maij.ki F (jUonnn on (iLViMiuoL 

Oi,u(’osK Aoar 

Fig. 2. Coontian Vjolijt Stmn'of 3-dav-<)ij> Mac.lnomycks 2(r2t (Miciikmn) 

(iROWN ON (tDYCKROJ. (ilAJCOSK AoaK 

Fig. (Gentian V'iolei Stain of 3-day-old Malleomyces mallei 202J (MicrfiGAN) 
ChiowN ON (Jlycerol Ohu’ose Agar and Showing Filamentoi s Forms 
Fig. 4. Sedan Black B Wet Mount Preparation of 3-day-oli) Tryptosk A(jar (k'LruRE 
OF Malleomyc’es mallei 2024 (MiniKiAN) 

Fig. 5 and 6. Sudan Black li Wet Mf>i nt Preparation of 3-day-old Tryptose A(;au 
CU’LTURE OF MaLI.EOMYCES MALLEI 2024 (Mu’HIGAN) ShO>MNG FILAMENTOUS ForMS 
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b(‘ studied with reasonable* safety, we used large slides (2" hy 3") with cover 
slips placed in the center and sealed with petrolatum. Similarly, organisms 
w(^re subj(‘cted to Scharlach R and to Eisenb(*rg\s iodiiu^-fuchsin method of 
staining fat (11K)9). 

Cultures grown on tryptose agar w(*n* stain(*d with m(‘t]iyl(*n(‘. blue in an 
attempt to d(*termin(^ whetl)er or not volutin is (l(^j)osited. 

RESULTS 

Figure I illustrates the irregular staining of gland(‘rs cells with acid fucdisin. 
Certain of the cells show unstained oval areas with the* surrounding portion 
stain(‘d. l^^igun* 2 presents a similar pictun* with c(*lls staiiu^d irn‘gularly by 
g(*ntian viohd, whereas figure 3 illustrates the long filamentous forms. 

Figuies 4, 5, and (> show the glanders organism in a Sudan black B wet mount. 
41 k‘ round-stained granules, considered to lx*, fat bodies, show ii]) rather promi- 
nently both in the filamentous forms and in the rodlike forms. 

With kjisenlxTg’s i<xlme-fuchsm method of staining lipid Ixxlies, th(* granules 
an* also stain(*(l. With Scharlach R tla^ results are not so ch'ar; how(*v(*r, this 
[)r(X‘t'dur(* for staining bacterial fat in g(‘n(‘ral lias not b(‘en so n*liabl(* in the 
authors’ hands as th(* first- two procedures. 

Kach strain was found to deposit fat Ixxlic's. Mor(‘ov(*r, such fat bodi(\s w(*re 
found in organisms grown on plain agar, tryt)tos(* agar, and glycerol glucose 
agar. 

cultur(‘s grown on tryptose agar and stained with J^o(*ffl(*r’s m(*thylene 
blu<*, volutin bodi(*s could not lx* d(*monst rated. Moreover, 1 jier c(*nt sulfuric 
a(*id complet(*ly d(*<;olorized the cells, whereas control procedun*s, using a Conjne- 
bactvrium diphihvnav culture grown on lxM*ffler’s coagulat(‘d serum, r(*v(‘al(‘d the 
presence of an abundant amount of volutin. 

SUMMARY 

Tlu* irregular staining of tlx* glanders organism, rc'lerred to lr(*fjuently in the 
lit(*rature, is considen*d to b<* due in a largi* part, if not (utirc'ly, to tin* presence 
wdthin tlu* protofilasm of lipoidal granules which fail to stain readily with the 
usual aniline (ly(*s. Such granules do, however, stain r(‘adily with Sudan lilack 
B or with tlu* i(xliTu*-fuchsin procedure. They are d(‘posit(*d in c(*lls whethi‘r 
grown on tilain agar, tryptose agar, or glyc<*rol glucose agar. 

Attemiits to demonstrate^ the pres(*nce of volutin were unsuccessful. 
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IMPROVEMENTS IN THE CYLINDER-PLATE METHOD FOR 

PENICILLIN ASSAYi 


G. W. BEADLE, H. K. MITCHELL, and DAVID BONNER 
School of Biological Sciences, Stanford University, California 
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INTRODUCTION 

The most widely used technique for penicillin assay Ls the so-called cylinder- 
plate method of Abraham et al. (1941), with various modifications such as those 
described by Foster and Woodniff (1944) and by Schmidt and Moyer (1944). 
In using this method for large numbers of assays we have found it advantageous 
from the standpoint of time involved and reproducibility of the method to use 
a 4| X 11| inch, rectangular, culture plate on which 40 cylinders <'an bo placed. 

As compared with conventional jietri plates, these culture plates increase 
efficiency in two ways, namely, by decreasing the proportion of cylinders de- 
void to standards ami by reducing the time reejuired to pour, flood, and wash 
the plates needed for a given numl)er of assays. In addition to increased effi- 
ciency, increased reproducibility is obtained by lusing culture plates with flat 
botlom.s and pouring them on a carefully leveled surface. This imsures a de- 
gn*('. of uniformity of depth of culture medumi not attainable in petri dishes 
iKicause of irregularities in their bottoms. Such irn*gularities are of sufficient 
magnitude to coastitute a real source of error. 

EQUIPMENT 

t’ultun* dishes an* made of stainle.ss steel rims placed on t> x 13 inch sheets of 
single stnmgth window glass. A second sheet of gla.ss of like dimension.s is 
used as a lid. The rims are made of 24-gaugc, stainle.ss. sti'cl .strips Ixmt to 
form i X 5 inch aiigle.s. From these angle strips rectangular rims | inches high, 
4^ inches wide, and 11 J inches long are made with the ]-inch flange extending 
outward fmm the Iwttom edge. Such runs are illustrated in figures 1 and 2. 
Th(“y are attached at their ends to the liottom plate with 1-inch, gummed paper 
tape strips. Leakage of the medium under the rim is prexonted by running 2 
medicine dropp<*rs of liquid agar medium under the rim and allowing this to 
set as a seal. Plates are poured on leveled plate glass sheets. 

To facilitate placing cylinders on inoculated plates a leucite guide, as illustrated 
in figure 2, is used. This is constructed of two shwts of |-inch leucite or similar 
plastic l)olted together in parallel fashion in .such a way as to allow a stainless 
steel slide to move freidy between tlM?m and be removed from one .side. Through 
the two sheets of leucite four rows of ten holes are drilled one inch apart each 
way to act as guides for the cylinders. Tliese holes mu.st l)e proiierly aligniHi 

1 The method reported in this paper was developed in connection with work done under 
the Office of Production Research and Development, War Production Board, Contract 169. 
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and of such size as to guide the cylindei’s accurately while allowing them to 
fall freely as the slide is removed. The holes in the lower plate are slightly 
enlarged on the top side with a taper reamer. Those on the top plate are beveled 
with a countersink to facilitate placing cylinders in them. 



Fig. 1. View of Culture Plate Showing Arrangement of Cylinders 



Fig. 2. View Showing Leiicite Guide, Cylinders, and Metal Kim 


Guides are u.sed by loading the top plati* with cylinders, placing the guide 
over the culture plate, and allowing the cylinders to drop into place by removing 
the slide. If one end of the guide is held in place on the plate while the other 
is lifted, cylinders are not moved on removal of the guide. Guides are cleaned 
daily with 70 per cent alcohol and stored in a dust-free cabinet. 






CYLINDER-PLATE METHOD FOR PENICILLIN ASSAY 


Cylinders arc made of standard pyrex tubing selected for an outside diameter 
of 7.9 db 0.1 mm and cut into sections one cm long. The ends are ground flat 
on a carborundum wheel and then fire-polLshed just enough to produce a glaze 
but not enough to round the cylinder edges. 

ASSAY PROCEDURE 

With respect to tost organisms, media, buffer, dilutions, time, and temperature 
of imjubation, etc., we follow the recommendations of Schmidt and Moyer as 
given in tluur 1944 papeT and as subsequently modified by them. We recom- 
mend that investigators making extensive use of penicillin assay methods com- 
municate with the United States Department of Agricultures Northern Regional 
Research Laboratoiw, Pcjoria, Illinois, Dr. R. O. Coghill, for the current recom- 
mendations of the J^H)ria group. 

In a further effort to increas(‘ re|)roducibility, we attempt to keep time in- 
tcu’vals constant betwecTi su(*cessive st(‘ps in the jissay procedure'. Plates are 
pourc'd (S3 ml per plate), allowed to set, and stored in an incubator at 44 C for 
3 to 4 hours. Using a rapidly draining pipette, the plat(\s are flooded Avith 17 
ml of inoculated m('dium. The agar is then allowed to solidify and the cylinders 
dropped into plac(‘. Following an interval of 15 minutes, test solutions are 
pipett('d into the c*vlinders, and tlu' platc's placc'd in a 37 V incubator ov(‘r night 
(ca. Ifi hours). 

Inhibition zones an' measun'd by means of a light box containing a daylight 
fluoH'M'C'nt tub(‘ und(*r two glass plates. Betw(»(‘n tlu'se plates is pla(*ed a ecJlu- 
loid sluH’t on which circles (littering in diameter l)y oru' millimc'ter increments 
are drawn. In routiia* assays dianu'ters are n'ad to the nearest half millimeter. 

On th<‘ completion of rc'udiiigs, th(' plates an' flooded with ly.^ol and subse- 
(jiu'ntly disinantlc'd for el(*aning. After this they are reassembled, w'ra])i)ed 
in [)iij)er, and ^t(*riUzed by autoclaving. I'hey are dru'd by exhausting the 
aut<)(*lav(‘ ami then allowing it to develop a vacuum for 15 or 20 minutes. 

EKUOR VARIWl’E 

To obtain an indication of tlu' magnitude of unavoidable ('rrors of the nu'thod 
an analysis of varian(*e Avas made on a series of n'plieated runs made at levels 
near l.O unit penieilUn p<‘r ml Avitli inhibition zones n'ad to the nean^st 0.25 mm. 
In t'ighi difiVrent d<‘t(‘rminations, each bast'd on from six to nine individual tests, 
75 mejisurenu'iits w<‘re mad(‘. The ‘wvithin-sc'rios’^ variance A\as 0.1 mm in 
zoru^ diameter. This corresponds to a standard ('rror of about 0.3 mm. At a 
level of out' unit per ml this represtmts approximately 0,07 unit penicillin per 
mrn, or 7 per cent. Expressed in anothc'r Avay, at a hvvl of 1 unit, about two- 
thirds of th(' individual detenninations Avould fall Avithin 0,07 unit of th(' true 
value'. Duplicates and higher replicates Avould, of course, n'duce the standard 
error of a determination inwisely as the square of the number of cylinders usi'd 
per determination. 

The above measurement of A'arianoo does not mc'lude erroi's of dilution or 
those due to variations in standards. Neither does it include interplat(‘ A uria- 
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tion. In our experience the plate-to-plate variation is less than that encountered 
with the use of petri plates. 


SUMMARY 

A 4| X ll| inch rectangular culture plate for use in the cylinder-plate method 
is described. A guide is used for dropping cylinders upon the inoculated culture 
plate. The use of this e(}uipmont save.s time in large-scale assay work and per- 
mits a higher degree of standardization than does the conventional petri plate 
technique. 
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OXIDATION OF BTOTMC ACID BY STREPTOCOCX3I 


C. P. NIVEN, JH.. J. B. EVANS, Atm J. C. WETTB 

Laboratory of Baetoriology, CoBogo tif AgriettUuro, CortuSL Vaioeraityt 
Ithaea, Now York 

B«eeiT«d for pabliootitm DooendMr 6, 1M4 

A number of cultures of ibe Streptoeoeeut nuHt group were found to oxidise 
butyric acid under aerotnc oonditk>ns with the accumulatacm of hydrogen 
peroxide. Methyiaie Uue would not serve as a hydrogen acceptor for this 
butyric acid ondase system under the oonditkms tested. 

The quantity of peroxide produced by these organisms, when grown in a 
medium containing butyrate, in some cases compared dosely to that produced 
by pneumococci from meat infusion. In cell su^}en8ion8 of these streptococci, 
under highly aerobic conditions, as much as 0.01 m peroxide accumulated from 
0.011 M butyrate within one hour at 25 C, pH 7.2. Of all the strains tested, 
essentially the same qualitative results were obtained wilii cdl su^nsions 
and with growing cultures in a butyrate medium. 

Among the 39 Strq^ocoocuB mitia cultures, freshly isolated from the throats 
cd 18 persons, a relationship was noted between the ability to oxidize butyrate 
and other physiological characters. For examine, of the 28 which failed to 
hydrolyze arginine, 24 oxidized butyrate; of the 11 arginine-positive strains, 
<^y 2 oxidized butyrate. This is in accord with a previously noted relationship 
between the ability to hydrdyze arginine and certain other physiolr^cal reac- 
tions (Sherman, Niven, uid Smiley: J. Bact., 45 , 249) that in^cates that the 
StreptoooocM mitia group may consist of more than one species. 

A number of representative cultures of all of the wdl-known serological 
groups and species of streptococci were tested for the ability to oxidize butyrate, 
in growing culture and in cell suspension. Aside from Streptoeoccua mitia, no 
culture was found which possessed this property with the exception of members 
oi the Lanoefidd group F and the “minute” variety of group G. All of the 5 
strains of group F and 8 sUains group 0, “minute” variety, (Mnitely oxidized 
butyrate, but the degree of peroxide acciunulatirm by those cultures was less 
than that of the Straploeoeeua miUa strains. The “rronminute” group G cul- 
tures (10 strains) were unaUe to attack this substance. None of the 11 pneumo- 
coccus cultaies tested, nepresmting as many sen^ogical types, were able to 
orddiw butyrate. 

SUIOIABV 

Butyric a# is oxidized by Btreptocood of group F, the *^ute” variety of 
andby nnray stiaMof fi^rtoroccusm Other qpecies of strepto- 
eeeel and the {meumoooeoi do not appear to have this pKq^erty. 

lOS 
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USE OF HOUSE MEAT INFUSIONS IN CULTURE MEDIUMS 
aACHEL E. HOFPSTADT 

DeparimttU of Baeteriology, Vniveraity of WaohingUm, Seattle, Wa^ngton 
Becelved for publication November 22, 1944 

Horse meat infusiotis have been used in Europe for many shears as a basis for 
culture mediums. In Seattle hotse meat was unrationed, plentiful, {md cheap, 
so it was substituted in our laboratory for beef and pork in mediums used 
for routine classwork. 

The horse meat infusion has a yellow color and pungent odor, and often a thin 
layer of fat appears on the surface. Glucose in the horse broth medium was 
found to be 0.23 g per 100 ml, whereas that in the beef broth controls was 0;08 
g pur 100 ml. In total N horse meat is comparable to beef and pork; but it is 
much high^ in glycogen than either pork or beef. It is a good source of sulphur, 
phosphorus, and potassium, but a poor source of calcium and rat^nesium. 

Twenty pathogenic organisms were cultured on 6 kinds of solid mediums and 
11 types of liquid mediums in which horse meat infusion had been substituted 
for beef or pork. All cultures were controlled by beef extract and beef infusion 
mediums. The acid shifts were read with the Leeds Nortlirup potentiometer, 
after 4 days of incubation. 

All cultures used grew well on the horse mediums. Pigment formation in 
Staphylococcus aureus was not enhanced by the use of the medium, but there was 
some indication that it utilized some of the sugar in the horse infusion broth. 

S^eptococcus pyogenes formed a wide zone of beta hemolysis in 18 hours on the 
horse infusion blood agar, whereas it appeared only in a narrow zone after 36 
hours on the blood beef infusion medium. With streptococci viridans and the 
pneumococci studied, the same was found true, in the production of alpha 
hemolysis. 

Horse infusion was substituted for pork infusion in making the basic agar for 
tellurite medium. This modified medium was used with good results both in 
studying the characteristics of stock strains of Corynebacterium diphtheriae and 
for isolating unknown cultures. The reactions were clearer and more rapid and 
the colonies were larger than those found on the pork tellurite medium. 

The digestion of deep meat, and of meat and egg, in tubes by the species of 
Clostridium studied was similar whether horse or beef muscle was used. How- 
ever, a striking difference between their reactions on horse liver medium and beef 
liver medium was noted. Clostridium tetani was the only species which showed 
'blackening in deep tubes of beef liver. All six strains used showed blackening 
in the horse liver. Clostridium putrificum, Clostridium wdehii and Clostridium 
Ifotulinum produced gas and blackening throughout the tubes. Clostridium 
l^toVyticum showed blackening on the surface of the medium and along the stab, 
lit Clostridium sporogenes the medium was blackened only on the surface, whereas 
in Clostridium tdani the blackening was found only along the stab. 

Horse meat infusion cm be substituted in routinO laboratory mediums and is 
u^peoially useful in demonstrating hemolysis. 
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Taansmissibi^ii: Variation of Plaqi^e*- 
Type in Bactbriophaoe. A. D. Hershey 
and J, Bronfenbrmner^ Washington Uni- 
vnrsity School of Medicine. 

When plated in very soft agar {about 0.6 
per cent), coliphage-PC forms plaques con- 
sisting of an area of complete lysis 0.5 nun in 
diameter, surrounded by a aone of partial 
lysis about one mm in diameter. In about 
1 per cent of the plaques, a secondary zone 
of complete lysis appears within the halo. 
This may take the form of a barely visible 
spot or, more typically, of a radial streak or 
sector. Phage propagated from the sector 
regularly yields a variant phage charac- 
terized by larger plaques (about 2 mm in 
diameter), which may be nearly clear 
throughout, but more often gives the effect 
of a plaque of the parent type surrounded by 
a third zone of complete lysis . Propagation 
from normal-appearing regions of the parent 
plaque invariably yields phage of the parent 
type, which in turn gives rise to a small pro- 
portion of sectored plaques. 

In platings on 1 per cent agar the vari- 
ation cannot be seen, owing to the absence 
of halo, although the isolated phage of 
variant type can be distinguished by the 
larger size of plaques. When a mixture of 
the two phages is plated, a well-marked in- 
terference between adjacent plaques of the 
two types may be seen, taking the form of 
suppression of lysis in the area receiving 
phage of both types. 

Mal del Pinto, R. B. H, Gradwohl^ Grad- 
wohl Laboratories, St. Louis, Missouri. 
Mal del Pinto is a disease which is prev- 
alent in the State of Guerrero, Mexico. It 
is also found in Colombia, Venzuela, Peru, 
and some of tlie Central American countries 
and West Indian islands. It is transmitted 
by direct contact and can be reproduced by 
direct inoculation. 

The specifio organism, coro- 


feum, was discovered by Leon y Blanco and 
affirmed by Brumpt. The organism is 
found in the skin and can easily be demon- 
strated by pinching the areas affected with a 
pair of forceps and making a scraping. 
Examination is then accomplished by dark 
field illumination of the lymph. 

The epidermis shows hyperkeratosis, 
acanthosis, intercellular edema, and lympho- 
cytic infiltration. Later on, there is deep 
pigmentation, and in the vitiligoid areas 
there is distinct atrophy of the epidermis 
with flattening or loss of the rete pegs and 
complete disappearance of pigment in both 
epidermis and cutis. There is a primary 
lesion, a secondary period of generalized 
eruption , and a late dyschromic stage . The 
types commonly seen of Mal del Pinto are 
blue and white pinto. The so-called red 
cases look like a flushing of the skin. 

SuCCINCHLORIMIDE AS A WaTEK DeCONTAM- 

INANT. G. F, Reddish^ Lambert Pharma- 

cal Company, St. Louis, Missouri. 

Succiuchlorimide has been put into a tab- 
let containing a dispersing agent. When 
added to winter it disperses within 10 to 15 
seconds and completely dissolves within 
from 1 . 5 to 2 minutes at 76 F. 

When a 2-grain tablet containing 12 mg of 
succiuchlorimide is added to a liter of tap 
water containing 68,000 Shigella dyaenteriae 
and 304,000 Eherthella typhosa per ml, all of 
these organisms are killed within 5 to 10 
minutes at 73 F. When such a tablet is 
added to a liter of raw river water con- 
taining 27,000 S, dysenteriae and 75,000 JEf. 
typhosa per ml, all are killed within 5 to 10 
minutes at 36 F. When the same dosage of 
sucoinchlorimide is added to a liter of 
swamp water (15 ppm chlorine demand) 
containing 800,000 S, dysenteriae and 288,000 
E. typhosa per ml, all are killed within 5 to 
10 minutes atSOF. 
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In to kill 43ment6ry amoeba eysts, 
five timed this dosage is required. At this 
Qoueeatration the eysts o| Endamo^a hU* 
toiytiea are killed within 20 mihutes. 

Prysioloozcal Pbopbbtibs of AoArava 
Enztmb FoEifATZON^ 8* /S^ins^ellman, De* 
partment of Bacteriology and Immunol* 
ogy, Washington University School of 
Medicinei St. liouis, Mo. 

Two diploid strains of Sacckaromycea 
e$revinae were employed in studying the 
physiology of the adaptation to galactose 
fermentation. All the experiments were 
performed on stationary, nondividing sub* 
pensions in m/15 KHsP04 to which galactose 
was added. 

With the Warburg manometrio technique 
it Was found that the adaptation time (time 
required to reach a value of 100) in* 
creased aS the endogenous carbohydrate 
reserves were decreased by dissimilation in 


the absence of external substrate. Never* 
theless, the *gslactozymase was fonnd to 
form even after all the oxidisable reserves 
were exhaused as indicated by nei^igfble 
QOi values. 

A more detailed examination of the course 
of the adaptation indicated that oxidation 
of the galactose provided the metabolic 
energy necessary for the cells to adapt to its 
fermentative utilization. It was found that 
cells unable to utilize the galactose anaero* 
bically, nevertheless possessed a mechanism 
for its aerobic oxidation. Thus adaptation 
was not to galactose utilization per se, but 
involved only the synthesis of the enzyme 
required for Its fermentation. It was 
further found that the preadaptive oxida* 
tion of galactose apparently was mediated 
through the same mechanism used in the 
endogenous metabolism. A competitive 
interaction could be established between the 
endogenous substrate and the galactose in 
the preadaptive period. 


VIRGINIA BRANCH 
Jbffebson Hotbl, Richmond, Viboinia 
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Bomb Oboanomebcubials and Their Bac* 
tbbiostatio Action. F , von Qutfeld 
and W. A. Moomow^ Medical College of 
VirgiBia. 

It might be said that in general the most 
desirable characteristics of a bacteriostatic 
agent are effective action in a low concentra- 
tion, low toxicity to the host, noncorrosive- 
ness to tissue, noncapability of coagulating 
proteins, noncorrosiveness to surgical in- 
struments and containers, and nonstaining 
ability (in specific cases a dye is desired). 
With these criteria in mind the literature 
was reviewed to learn the kind of substances 
which had already been investigated and to 
dete^ne the character of those which 
should be considered further. It was con- 
dnded that the hydroxypbenylmercuric 
salts deserved further investigation, and 
S^ntion was focused on the preparation of 
cwSh^hydroxyphenyl^^ brdmide, 

ortlu^droxy^nylnmrouiic iocfide, ortbo- 
mandelaie, and I- 
hydro^i*2«idtro-4^(mercu^^ acetate) ben- 
sene fear li^ediate study. 


The organomercurials named above were 
tested against Eeckerichia coli^ Psetidomonas 
aeruginoaa^ and Staphylococcus aureus. The 
bacteriostatic activity was examined in 1 
per cent peptone water and in 20 per cent 
human scrum contained in I per cent pep- 
tone water, respectively. The presence of 
human serum usually diminished the bac- 
teriostatic effect. 

The ratio (bacteriostatic effect in 1 per 
cent peptone water: bacteriostatic effect in 
20 per cent human serum contained in 1 per 
cent peptone water) yielded different figures 
with the bacteria tested. 

O&ncosB Utzuzation Comfabbd with pH 
PaoDtroBD When Ikfdubncbd by Con- 
CUBBBNT DboOMPOSZTION OF PBFTONB BY 
THB Genus BA zuLnua. , B.R.Boseman^nd 
F. 8. OreuUf Viripnla Polytechnic In- 
stitute. 

A lack of sparing action of carbohydrates 
on peptone by species of the genus B^Um 
matos it difficult to determine the utili- 
sation of various carbohydrates as measured 
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by pH, The pH of the medium is dependent 
not only upon acid produced fMn carbohy* 
drate diasimilation but aieo upon concur- 
rent acid and ammonia from peptone 
decomposition. 

The purpose was to determine idueose 
utilisation by direct titration to separate it 
from the other two factors influencing pH 
change in the medium* It was found tl^t 
by determining the pH potentiometrically 
and the glucose utilised (in the presence of 
peptone) by direct anlaysis that 131 strains 
and species of the genus BaciUuB are 
separated into flve groups* 

In two of these groups the pH and glucose 
utilisation are correlated, as would be ex- 
pected— 'low pH with sugar utilisation^ and 
neutral or high pH with little or no gluccMm 
utilisation. Another group, however, gave 
results quite unexpected— pH lowered to 
less than 5.5 even though little or no glucose 
was utilised and no acid produced from pep- 
tone. In a fourth group the pH was lowered 
only to the pH range of 5.5 to 6.5. 

Fttbtheb Evidencb Demokbtbatino the 
Utiusation or Glucose, Sucbose, abd 
d- AND I-Ababinose bt Cebtain Mem- 

BEBS OF THE GeKUS BaGILLUB IN WHICH 
THE pH OF THE SUGAB PbPTONB MeDXUM 
Is Not Afpbeciablt Lowebsd. F, S, 
Or cully S, E. Bozemany and W, B, Coffecy 
Virginia Polytechnic Institute. 

It has been observed that a lowering of the 
pH in a sugar peptone medium is not a true 
measure of whether or not a species of the 
genus BacilluB is able to ferment the sugar 
present. Acid or ammonia from peptone, 
or both, interferes with a correct interpre- 
tation. It was concluded that correct data 
are obtained (I) when an indicator is used 
that will detect slight acid production; (2) 
when a peptone control is run concurrently 
with the fermentation; and (3) when fer- 
mentation is followed for a period of one 
week* 

Even using these conditions it is difficult 
to be certain of sugar utilisation in some 
eases. The present paper is concerned with 
the dibsot determination of glucose, sucrose, 
imd d- and l-arahinose used in oases in which 
the pH does not fall below the neutral range 
for a period of one week, or is not sxgnifl^ 
cantly different from the peptone control. 


It has been demonstrated that appreciable 
amounts of sugar may be used in such eases. 
This constitutes further evidence that much 
of the data in the literature regarding the 
ability of these bacilli to ferment sugars is 
in error. 

Studies on the Tbansmission of ^*Ath- 
lbte’s Foot” by Soap: Expebxments 
WITH Abtificially Infbctbd Fungus 
Cabbiebs. F* J, von Outfeld and R. E. 
Stone, Medical College of Virginia. 
Experiments have been conducted re- 
garding the possible transmission of a 
fungus infection (Trichophyton, Miero^ 
Bporon) to a healthy individual through the 
medium of a cake of so^ infected by a per- 
son with ^athlete’s foot.” Cotton strings 
and small squares of linen were infected with 
Trichophyton gypBeum, MieroBporon audou^ 
ini, or MieroBporon lanoBum, These car- 
riers were placed on cakes of soap (four well- 
known brands) , The carriers were removed 
after varied periods of exposure, thoroughly 
rinsed with sterile distilled water, and trans- 
ferred to 1 per cent peptone water. The 
experiments showed that all three fungi 
were viable after at least 60 minutes of con- 
tact with the soaps. These model experi- 
ments demonstrate that the possibility of 
the transmission of ^athlete’s foot” through 
the use of infected soap cannot be excluded. 
Tests with naturally infected human 
material are in progress. 

Shellfish Investigations in the Loweb 
Chesapeake Bat. Paul S. OaltBoff, U.S, 
Fash and Wildlife Service. 

Studies on the Stabiutt op Bactebxal 
Vaccines. F. J. von Chitfeld, Department 
of Bacteriology and Parasitology, Medical 
College of Virginia. 

The bacterial suspensions used in World 
War I for the immunisation against typhoid 
fever and cholera were insufficient in various 
technical respects: freshly prepared suspen- 
sions caused untoward by-effects, the trans- 
portation was rather complicated, and the 
usability of these vaccines expired after a 
relatively short period of time. I prepared 
in 1919 cultures of typhoid bacilli and 
cholera vibrios on agar. The bacteria 
were suspended in a small amount of 
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distilled water and killed by heat. The 
water then was evaporated by a current of 
sterile warm (37 C) air until a dry residue 
was obtained. The dried bacteria were pul- 
verized, and the powder was kept in an or- 
dinary sterilized glass bottle with a glass 
stopper. The dried bacteria were resus- 
pended in sterile saline, their antibody- 
binding and antibody-producing properties 
compared with vaccines made in the usual 
way. The dried bacteria, tested a short 
time after drying, and again after 30 
montlis’ storage at room temperature, had 
about the same efficacy. Testa were per- 
formed 25 years after the bacteria had been 
dried. The suspensions of the dried bac- 
teria were compared with vaccines which 
had recently been made . The dried typhoid 
bacilli exhibited agglutinin-binding and ag- 
glutinin-producing properties which com- 
pared with the corresponding properties of 
the fresh vaccines. The cholera powder 
had retained its agglutinin-binding activity; 
its agglutinin-producing property is still 
under trial. 

The Respiration of Bacteria. }\ Arne 
Hansen, U.S. Fish and Wildlife Service. 

Killing and Disintegration of My- 
cobacterium Tubercui.osis by a Viri- 
DANs Streptococcus in Vitro. F, S, 
OtcuU and A, W. Bengtson, Virginia 
Polytechnic Institute and Catawba Sana- 
torium. 

It has been demonstrated that when a 
viridans streptococcus is inoculated on an 
actively growing culture of Mycobacterium 
tuberculosis after a good growt h of the acid- 
fast organism has taken place, the coccus 
spreads rapidly over the tuberculosis cul- 
ture and progressively kills and disin- 
tegrates it 

Viability of Nodule-forming Bacteria 
on Inoculated Leguminous Seed as Af- 
fected BY Storage. F. S, Orcutt and 
Alma L. Whitman, Virginia Polytechnic 
Institute. 

Inoculation of legume seed before sale to 
the farmer is not considered to be practical, 
probably because the meager literature on 
this subject indicates that the rhizobia do 
not remain viable on the seed for a suffi- 


ciently long time to make commercial inoc- 
ulation effective. In such experimental 
investigations the seed was sterilized by the 
use of mercuric chloride or chlorine which 
arc very difficult to remove completely from 
the seed. The rhizobia subsequently inoc- 
ulated onto the seed could hardly fail to be 
affected by the residual disinfectant, es- 
pecially if the seed was stored. 

Most legume seed appear to carry some 
natural inoculation, although not usually 
good nitrogen-fixing strains. Superior in- 
oculation strains should be equally viable. 
The purpose of this work wbb to investigate 
the possibility of inoculating seed some time 
prior to use, the experimental procedure 
employed to be free from the use of disin- 
fectants that have a tendency to remain for 
some time on the seed. 

Results indicate that inoculated rhizobia 
may remain on the seed nine months in 
numbers exceeding those required for good 
inoculation. 

An Outbreak of Food Poisoning Owing 
TO Staphylococcus aureus. George 
McL. Lawson and Thomas *S. Englar, 
University of Virginia School of Medicine, 
and Joint Health Department, (ffiar- 
lottesville. 

Food served b}'^ a caterer to two groups 
was infected with Staphylococcus aureus. 
The first group was served within five or six 
hours after the preparation of the food. 
None were made ill. A portion of this same 
food eaten 51 hours after its preparation 
caused typical symptoms of this toxemia. 

Food from the ssunc Sfmrco served 26 hours 
after its preparation caused illness in over 
two-thirds of those consuming it. The food 
concerned, chicken and homemade boiled 
salad dressing, was handled by a person who 
was a nasal and pharyngeal carrier of 
Staphylococcus aureus. 

The tracing of this epidemic and the bac- 
teriologic examination of the foods con- 
cerned were made possible by the j^rorapt 
reporting of these cases to the Health 
Department. 

Report of a Case op Listerella Infec- 
tion IN A Cow in Southwest Virginia. 
Hay D. Hatch, Virginia Polytechnic In- 
stitute. 
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A single case of encephalitis, occurring in 
a large dairy herd, is described. Lislerella 
monocytogenes was isolated from the brain 
of the affected animal at necropsy. No 
other cases of Lister clla infection are re- 
corded in the state of Virginia. An attempt 
is being made to find the source of infection, 


or reservoir of infection, in isolated herds. 
It is probable that this condition occurs fre- 
quently in this territory but is improperly 
diagnosed. The difficulty with which the 
organism is recovered from the infected 
brain contributes to the difficulty of diagno- 
sis. 


CENTRAL NEW YORK BRANCH 
Syracuse, New York, October 28, 1944 


Substitutes for Carbon Dioxide as an 
Essential Factor for the Growth of 
a Strain of Meningococcus. Henry W. 
Scherp and Dorothy M. Tuttle ^ University 
of Rochester, Rochester. 

The complete replacement of the supple- 
mental COj requirement of the meningo- 
coccus by 0.1 per cent yeast extract (Difeo) 
suggested an investigation of individual 
constituents. A strain of meningococcus 
showing the greatest dependence upon COa 
was tested in Frantz* synthetic medium. 

Yeast, nucleic acid was partially effective 
in an optimal concentration of O.OI per cent. 
Adenine was generally ineffective, whereas 
guanine (0.004 per cent), uracil (0.03 per 
cent), or cytosine (0 03 per cent) were par- 
tial replacements for COa; growth lagged 
markedly at 24 hours, and slightly at 48. 
The combination of guanine, uracil, and 
cytosine diminished the lag period and 
otherwise was completely equivalent to 
COj. A total concentration of 0.003 per 
cent was only slightly effective, wdiereiis 0.3 
per cent w^as inhibitory. 

Vitamin -free casein hydrolyzate (Smaco) 
(0.5 per cent) could also almost completely 
fulfill the CO 2 requirement. Lower con- 
centrations were ineffective even when sup- 
plemented by guanine, uraeil, and cytosine 
(0.003 per cent total concentration). 

Effectiveness of Sulfadiazine and Anti- 
pertussis Serxtm in the Treatment of 
Pertussis. William L. Bradford and 
Elizabeth Day^ University of Rochester, 
Rochester. 

One-Tuird Fermentation op Raffinose 
BY Streptococci. C. F. Niven, Jr,, and 
K, L. Smiley, College of Agriculture, 
Cornell University, Ithaca. 

A number of streptococci were found able 
to ferment only the terminal fructofuranose 


portion of the raffinose molecule, leaving 
melibiose as a residual product. The ma- 
jority of the cultures of Streptococcus soli- 
varius, Streptococcus equinus, and members 
of the Lancefield group G (^*minute**) ex- 
hibited this property. The majority of the 
raffinose -fermenting cultures of Streptococ- 
cus miiis and all of the Streptococcus bovis 
strains tested were able to ferment raffinose 
completely. 

With the use of an appropriate strain of 
Streptococcus salivarius, melibiose was iso- 
lated and chemically identified as a product 
of the fermentation of raffinose. 

Capsular Sw'elling of Escherichia coli 

BY Antipneumoco(.cus Serum. Elfriede 

Fendt, Meyer Memorial Hospital and 

University of Buffalo, Buffalo. 

A typical strain of Escherichia coli (in- 
dole-positive, mothyl-red-positive, Voges- 
Proskauer-negative) was isolated from the 
lungs of a sixty -year-old woman who had 
died from pneumonia complicating bronchi- 
ectasis. Capsules could be clearly recog- 
nized on first isolation. After a few subcul- 
tures the capsules were lost. Passage 
through mice failed to restore capsule 
formation. The strain showed marked cap- 
sular swelling wdth pooled antipneuinococ- 
cus types 10, lOA, 11,13, 20, 29, and 31 rabbit 
scrum. All other antipneuinococcus sera 
failed to cause such a reaction. Attempts 
to determine the individual type serum 
responsible for this reaction w'crc unsuccess- 
ful. A suspension of the organism was ag- 
glutinated up to dilution 1:40 by both horse 
and rabbit serum of the following pneumo- 
coccal types: 10, lOA, 11, 13, 20, 29, and 31. 
However, these sera caused no jirecipitation 
with the supernatant fluid of the broth 
culture of this strain. The capsular swell- 
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ing of this strain of E, colt by antipneumo- 
eoccus rabbit serum parallels the cross 
reaction between a strain of E, coli and 
pneumococcus type I reported by Barnes 
and Wight in 1935. 

Rblatiokships within the Genus Rhizo> 
BiuM, AS Shown bt Ltbis with Bactbrio- 
PHAOB. H, J. Contif Elizabeth J. Bottcher^ 
and Challiea Randall, New York State 
Agricultural Experiment Station, Geneva. 
In several fields of bacteriology attempts 
have been made to use the specificity of 
bacteriophage to separate species of bacteria 
from one another, but without great success. 
Laird (Proc. World’s Grain Exhib, Conf., 
Canada, 1933, 362) tried to apply the tech- 
nique to the legume nodule organisms but 
found such variation in susceptibility as to 
make the method seem unpromising. The 
present writers decided to see whether more 
promising results could be obtained in this 
genus by using the bacteriophage technique 
of Hofer and Campbell (J. Bact., 46, 406). 
Such proved to be the case; results were 
reasonably constant and clear-cut. Almost 
perfect cross lysis was observed between 
strains and phage filtrates among the pea, 
bean, and clover organisms, often regarded 
as constituting separate Rkizobium species. 
The organisms of alfalfa, lima bean, soy 
bean, and other less well-known legumes did 
not cross-lyse with one another or with those 
of pea, bean, or clover. These results show 
close relationships among the pea, bean, and 
clover organisms, and indicate the possi- 
bility that the three constitute a single 
species. 

The Occurbencb op Clostridium Botu- 
linum IN Soils op Central New York. 
E, Winifred Parry, Syracuse University, 
Syracuse. 


Studies on the Complement Fixation 
Test as Applied to Bovine Tubercu- 
losis. Richard B, Johnson, Veterinary 
College, Cornell University, Ithaca. 

Substrate Specipicitt for the Ttrosine 
Decabboxtlabb System of Strepto- 
coccus FABCALis. W. D. Bellamy, College 
of Agriculture, Cornell University, Ithaca. 

A Fumarate Reductase System in Lactic 
Acid Bacteria. /. C. Ounsalus, College 
of Agriculture, Cornell University, Ithaca. 
Certain lactic acid bacteria have been 
found to ferment glycerol only aerobically, 
whereas other strains are able to produce 
acid from this substrate under anaerobic 
conditions (Gunsalus and Sherman: J. Bact., 
46, 155). When a characteristic strain of 
the latter group was studied in detail, yeast 
extract was found to contain hydrogen ac- 
ceptors which permitted the formation of 
lactic acid as the main product of glycerol 
fermentation. On further fractionation of 
the medium, a higher level of riboflavin was 
found to be required for glycerol fermenta- 
tion than for glucose fermentation. In the 
presence of 1 per cent tryptone and added 
flavin, the yeast extract could be replaced 
by fumaric acid as a hydrogen acceptor. 
When the medium contained glycerol plus 
fumaric acid, the final products of fermenta- 
tion were found to be lactic and succinic 
acids. 

Preliminary studies have failed to show 
succinate oxidation by this culture. This 
appears to be another case in which a sub- 
strate which is reduced during metabolism 
is not readily oxidized by intact cells. 

The Destruction op Vitamins and Pig- 
ments BY Nitrous Acid. /. K, Wilson, 
College of Agriculture, Cornell Univer- 
sity, Ithaca. 



CVTOlMIACiA COIA MNAKIS (DAVIS) I\ rrKK (’I LTI RK: 

A MVXOHACTKHir.M PATHOC.KMC TO FISH' 

I Al HA CAHNJOHST 

Ai/Uilhc /)/ d / d (//, s 7 , (' S rish and Wildhfr St t nrr^ Kcann i/srilli , \\\ s( Virqinin 

lor piihlicMtirm August 21, 1!H1 

A r()(l-shai)(*(l l>a(*t(‘riuni capahlc* of uiuihual molility was (l(‘scrilaMl ])y Davis 
in li)22 as th(‘ (•ans(‘ ol a distinct (kuinal (lis('as(* of nuni(‘rons Ircvsli-watia* tislu's. 
lie nanuMl tlu' organism Haalh(,s colninnans^ Imt owing to changi^s in the syst(*m 
ot classili(*ation sinct' that time (Hov^vy ( I nL, 11)39) it was antomatii’ally ('xcliided 
from this g(*nus. Th(‘r(' is at present also a better nnd(*rstan(ling of oth(‘r torms 
having this ptMUiliar er<*(‘ping mode of locomotion wiftiout f]ag(‘Ila. ddi(‘ v(‘geta- 
t i\ rod iorm, t hin c(‘Il mcunbraiu', fl(*\ibility, and the atlag('llar progr(‘ssi\ move*- 
nuMit on surface's now indi(*at(‘ tlu* (*ompl(‘\ (higlu'r) myxobacte'ria or close'ly 
n’lati'd s])(*ci('S. 

It is tlu' purpose' ol the' pre'se'nt pape'i* te) give' a mem* e'xte'iiele'el ace*e)unt eif this 
mte're'stingand impeirtant parasite' an ae'ceuint made' possible' by its ise)latie)n anel 
eadtivation in a v arie'ty eif nu'dia. Spe'e'ial e'lnphasis has be'e'n give'ii te>the' stuely 
of its hie' cye'le, but no fruiting lieielie'S eu mie*reK‘ysts appe'ar te> be' fe)rme*ei. There- 
leire’. the' bae'te'iium has be'e'n assigiu'el te) the' family ('yhtpluKjitnfK (Stanie'r, 1910), 
ge'iius Cf/fophaga. 11 this peisitiein is a(*e*e'pte‘d, roluintians lie'e'einu's the' first 
me'inl e'r e)f the' r///u/j//ue/e/ grou]) (Stanie'r, 1912a) kneiwn te) be an animal parasite'. 
Its nutritieinal re'ejuire'me'nts conse*eiue‘ntl\ sheiulel be' of gt'iie'ral mle're'st. 

1 1 e iiMep I. 

'The' initial e‘e)lonie's eil (\ rohimimn.s wvw e)l)taine*el fremi inte'e'teel bullhe'aels 
[Am<nn'iis nclmlitsns) take'll Irom a pe)nel at the' 1 e'e'te)wn labeiratory e)f the' \ . S. 
k’lsh anel \\ ilellife* Se*r\ie*e* in July anel August, 1913. 'Vo eliminate' me)st e)f the' 
eithe'r, usually nmre' rafiielly growing, bae*t('ria freim the' eiriginal ine)e*ulum, the* 
fe)lle)wing me'the)el was feiunel be'st . A flake' eif ele'bris was reme)\ e'd fre)m a sele'cte'el 
area e)f the h'siein, ele'peisite'el at e)ne siele' e)f a large' elre)]) e)f ste'rile spring water ein a 
sliele, anel left until the reiels hael swarnu'el away freim the' mass feir seime elistane'e. 
'riie' ele'bris was the'ii remeive'el with a pipe'tte, anel seinu' eif the' remaining bacte'iia 
we're' translerre'd with a le)e)|) in the' usual wav witheiut furtht'r elilutie)n. 

De)le)nie‘s ajipe'are'el beilh in nutrient ge'latin anel in nutrie'iit agar plate's in lour 
eir ineire' elays at te'mjierature's betwe'en 13 and 25 (\ In all, 15 colonie's were' 
re'inove'el freun semiseilid nutrie'iit gelatin inte) the' leilleiwing heiuiel me'dia: (1 ) fish 
e'xtraed with 1 ))e‘r e'e'iit pepteme aeleled, (2) Difce) jireitt'eise ])epte)ne (l.OS, 
0.25Ved; (3) tryj)te)ne' (0.5^’^'); anel (1) pre)te‘e)si' peptone' e'ontaining he'mogie)bm 
(0.5^V ). fJreiwth oea'iinrei in all e'xea'pt me'dium ( 1) but ve'ry little', if any, in (1). 
Femr e)f the' eiriginal culture's from the'se coleinii's preibably were' pure' from the* 

Pul)li.sh(*<l hy pe’?*nii.ssion of the* T)ire‘cte>r, I' S Fish und WihllilV Se'rvice* 
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hcginniiiji, since s(‘rial translVrs were made at irregular intervals for six months 
without eontaminants making their a|)p(‘aranee. Strains from five colonies were 
further ])urifiod and maintained so, hut no significant difference has been noted 
l)etween them, or between them and the strains not further purified, in behavior 
or a})pearance of the bacteria during the ))eriod of study (August, 11M3, to 
February, 1941). 

Hie pathogenicity of the bacteria grown in pure culture was tested by inocula- 
tion into slight surface injuries in h(*althy vsunfish. Within c(‘rtain temperature 
range’s, th(^ characteristic lesions of this and other kinds of fishes in natural and 
induced “columnaris infections'’ were readily produced, followed by d(‘ath of the 
fish in 100 per cent of tlu' cases (Davis, report in preparation). The bacteria in 
culture also retained their distincti\e behavior, including the columnar swarming 
movements in water mounts. For these reasons there is no doubt that th(‘ or- 
ganism isolated is th<‘ same as tlu' long flexible rod found in abundanc(' and in 
almost pur(' culture' in the' k'sions of fish. 

Stock <*ulfun‘s W(‘re maintained in a 0.5 per cent prob'ose p('])tone or tryptone 
solution (initial pH, 0.3 to 7.1 ). The bacteria were sonu'times difficult tor(*mo\(* 
from an agar surface aftc'r about 21 hours of growth and, tlu're'forc', a li(|uid me- 
dium was pH'lerred, ('sp(*cially in tlu' early stage's oi the' study. l^)ach strain was 
maintained at two diffe'rent ranges of temperature', 13 to 18 (’ and 20 10 25 (\ 
Some of tiu' tube's at the' lower teunpe'rature's remaine'd viable for more' than 30 
elays. 

Prediminary expe'rime'nts were* maele in an e'ffort te) obtain an e'litire'ly adeepiate' 
ste)e‘,k me'dium, h]ight elifTe're'Ut rneelia, inclueling seilutions of pe'ptone's, yeast, 
and Elndvn extracts we're' prepareel at e>ptimum cone'e'utratieais ])re'viously asce'r- 
taine'd anel the' amount of growth obtaine'el ceanpare'el. Of the'se', prote'eise* pe'p- 
teine and trypteaie* we'ie sele'e*teel as suitable basal me'elia (pi I abenit t>.S) for te'sting 
other substane*e's wliie*h might be aelele'el. Small ameamts e)f glue*<)S(» or lactose* 
aelde'd eliel not ap])e*ar to give* meae rapiel e)r exte'nsi\e' gre)wth. Ve'ast e'xtrae t 
adele'd te) tryptone solutiems (known te) be low in vitamins) ele'laye'el the* aj)pe‘arane*e* 
of turbielity as ce)m[)ar(*d with the ce)ntre)ls. A solutie)n e)f vitamins (thiamin, 
nice)tinic aciel, cale*ium pante)thenate, ribe)flavin, /x; ra -amine)! )(‘nze)ic ae*iel, inositol, 
and pyride)xine) wath or without gluce)se diel ne)t produe'e* any ne)tie'eable effe'ct, but 
there was ne) f)erie)d e)f lag at the* beginning. 

Hie bae*teria were fixe'd anel staine^l in a variety of ways fremi several kinels eif 
iiK'dia. In aelelitiem to the usual re)utine bacte*rie)le)gie*al me'thoels, e*yte)le)gical 
|)re)(*e*dure‘s without drying at any stage we're aelapte'el to the eirganism. Ze'iiker’s 
e)r We)rceiste*r’s fixing fluiels gave ge)e)el reisults, lollowe'el by staining in he'inatoxy- 
lin (Heieleuhain\s or I^hrliclFs) or basie* fuedisin. Other fixatives tried e)ut were 
liouin’s, Schaudinn’s, anel Da Fanei’s ceibalt nitrate*. Differential staining 
methods useel, in aelelitiem to Oram’s, Neisser’s acid methylene blue and Bismare‘k 
brown, anel Epstein’s granule stains, were Malleiry’s trie*e)le)r after Zenker’s fixing 
fluiel, Oiemisa’s dry, and Dobe'll’s (1911) wi't nu'thoel using Bemin’s fixative, 
Winogradsky’s (1929) phe'ne)l-erythrosine* and gentian violet afte'r fixatiein in 
e)smic aciel fume's, and finally Be)bine)W'’s (1942) me)difie*atie)n e)f F('ulg(*n’s “nu- 
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cloul” r(‘{icU<)n. Those' inolliods jirovod usoful from a oomparativo vi(‘\v point, 
(‘spocially takinj^; into account tlu' structnro as ohsorvod in the li\ in^; bacteria. 

Other t('chni(jues and staining!; methods an' numtioiK'd in connection with ll)e 
structun^ or (‘xperiinent conc(»rn(Hl. Tnless otherwise stated, all in(\*isur(‘inents 
^i\en were inad(^ on living; material. 

MOUPnoLO(;Y 

Tln'inost (‘ommon form of (\ rolNmnaris n\}M*vv(Hl in nat ure is the lon^, sh'mh'r, 
tl(‘\il)l(‘ rod, with rouiuh'd ('nds, 5 to 12 microns lonj:; and about 0.2 microns wide 
(lix('d and stained c('lls), first d('scrib(‘d by Davis (11)22). Thr(M' otlier forms 
W('r(‘ discov(‘r(‘d in |)ure culture': (1) lon^ filaments, sef*:m('nt('d or unsf'^mented, 
(2) branched cells, and “riiiF!, forms.” simple' and complex, dliis study has 
also ('\t('nd<*d the' dinu'nsions. I'ilanu'iits were* found whi(*h me*asur('d as hiji:h 
as 10)^ microns in le'nj»;th, ami the* smalle'sl ce'lls we're only two microns lonj». The* 
\ ('^‘('tative* ce'lls (fiF^ure* 1, nos. 1 to S; figure* 2, nos. 40, IS) in peiiteaie* me'dia aver- 
age'd about S.O mi<*rons, width me'asure'ine'nts x arie'd from 0.2 to 0.4 mi(‘ron> On 
nut l ic'iit’ agar tlu'se* cells ave'rage'el about 10 microns in h'ligth. None* of the rods 
ti'iuh'd to appe'ar spindh'-shape'd at any time*. 

Mult i[)li(‘a(i()n is by transve'rse* elivision, usually inte> two ea'lls of approximate'ly 
('(pial l(*ngth. 'riie* elixision ajipe'ars to be* by e*e‘Il “const i ict ion” (Stanie*r, 1010, 
1012a); in wide'r e'e*lls, sue*h as ( 'i/lophaga ndna, this ele'tail iindoulite'dly is more* 
re'adily de'teamine'd. In lixing mate*rial, re'ce'ntly separate'el (*ells sonu'tinu's se'ean 
attae'lu'd to one* amitlu'r by a e'onne'cting threael, but it is dif!ie*ult to be* ce'rtain 
that thesti'and is not se'e're'teel slime*. He*tore se'paratiein eif the* e*e‘lls, the* rexi ofte'ii 
be*('om(‘s be'nt at the* miebpoint Sue*h \ -shape *<1 stru(*ture‘s we're* e*ve‘ryxx he*re in 
e’x ide'iice* in young fluid e*ulture's, but the*y also appe‘are*d xxlie*n e*e‘lls ne*ar tlie 
pe'i’iod of ('longation weae* brought into wate'i' li*e)m an agar jilate* e'ultuie*. Tlie* 
change* se*eane*d to stimulate ce*ll division, and the* whole* proe'e*ss till e‘e)mj)le*te‘ e*e*ll 
se'paration e'eaild the'U be e)b.se*rx e*<l iinele*r the* microse*o|)e* re'[)e*ate'dly. It is not 
me'ant that e‘e*lls ne'e*e'ssarily always be*nel in this manne'r prie))’ to se*j)aration, but 
it is ve'ry cliarae*te*ristic of this spe*ci('s. It is not ae'cide'utally brought about, for 
instane*(', in tran.sl(»r, but rather by me)xe*me*nt e)f the* (*e‘lls the*msf4ve*s (se'e sectiem 
on meive'me'ut ). 

The* filanu'iits are unse'gme'iited or se*gme*nte*el, depe'iieling upon the time xxhe*n 
the'x we're r(*me)ve*el from a eailture*. In e)lele*r e*ulture*s e*e*ll elix isiein as we*]] as e*e'll 
se'paration aj)|)e'ars to be* suppre‘sse*el. I'pem transfe*r tei a fre*sh me*dium the'unseg- 
me*nte‘el filame'iits eifteai be'ceime* s(*gme*nte*el anel se*parate* intei e*ells, usually eif 
une*e|ual le*ngth at le*ast at first, the* final irsult Ix'ing e*e*lls eif small size* (2.0 to 5.0 
mie'reins). Tneler e*ircumstanc(*s eif nmre e»r k'ss pr(*e*ipite)us division eif filaments, 
brane*lu*el e*ells xve*re first noteel (figure 1, ims. 0 te» 14; figure* 2, im. ID). The* 
deaise layer e)f filaments lying [laralle*! te) erne aneither, as the*y ge*ne*ra]ly are, xxenilel 
e)f cenirse be nmre^ ehirable with brancluHl than xxith unbrane*he*el filaments aleine*. 
If the*y are* inveilutiein iorms the*y iu*ve»rthe*le‘ss have be*e*n se‘e*n unel<*igoing fle'.xion 
anel in cre*(*ping meivenu'nt. Txvo or meire* brane*h(‘el feirms in one lie'lel of the* 
micre)se*e)pe xveu'e imt unceanmein in seane unstainexl as xxe*ll as staine*d preparatiems. 
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Krzeniieniewwka (1930) descrihod similar branched cells in Spiwchavta cyfopfmga' 
and found them to have' nothirif^ in common with the branched cells of the 
actinomycetes. 



Fk;. 1 

All drawings inmlr with the aid of a caniora lucida 

Nos 1 “15 inci (\i/f(iph<i(/(i nflnmnana Drawings nia<l(‘ from hxod arid stainod propara 
1 loiiH cxc'opt as not ('d holow’ Jtaci t‘ria jjrow ii on poptono nut rionl apar. X 2600, roduced 
Nos N’opotativo rolls, frfuii li\inp nialoruil Nos "{-5, Htap(‘s of division. 

Nos 0-14 Hranchod colls. Nos 11 12, from livinp inatorial. 

Nos 15-10. r.soudol>arr(»d or boadod colls (probably artifacts). 

Nos 20 44 (’oil or rinp involution forms. Nos. 2(V27, from living nuitorial. No :(5. 
C’omplex ring form, caanposod of. orio long filament Nos. 35-43, colls 8taino<l with vital 
neutral rod 

No. 45 Section of two segment (*d lilaments 

(\ colurnnarif< colls do not rttain stains as readily as many other bacteria, 
although after fixation in Zt^nker’s fluid and staining lor several hours in basic 

- Spnrorytophaga myrorncroidc,^ (Hutchinson ami (’lavton (‘mend, Krzc'imoniowska; . 
Stariier (1040). 




Fl(J. 2 I’llOTOMK UOC.UArHS OF FiXFI) \M) Sr\lXFD 
C fftophaijit cnUtmnans Pu^PMlVTIO^^ 

Nos. 46 niul 48. N fgoiat ivc* rolls from surfaco of a«:ai plato culluro. Zonkor’s (liiid, 
basii* fuchsin. X OSO. 

No, 47, Voj^otativo fn»m peptone agar sho^^ ing one simpl(‘ ring form Woriavst (‘I ’s 
fliiitl; basic luchsin. X 680 

No. 40. Two brancboil from 0.5 per cent trypt one. 'Plu* largci coll is in an oarly 
St ago of division. Woroostor’s fluid; basic fuclisin X 1075. 

No. 50, ('oilod rods Zonkor’s Ouid; FJirliclFs homatowlin X 1075, 

No. 51. Lilfo stages of coiled colls (ring or coccus involution forms), with a nrls 
present Worcester’s fluid; ffoidonhain’s iron-alum hematoxylin stain. X 680 

No. 52. Long, undulated involution forms from an i>ld culture WorcesIcuX liuid, 
Heidenhain’s iron-alum hematoxylin stain. X 1075. 

Nos. 58 and 54. Pellicle removed from an agar surface cult ur<‘, show ing p.o t(‘rn fornuMl 
by the bacteria. Note the arrangement, of bacteria about the clusters In no 51 in the 
center of the larger clusters can be seen a thicker patch of slime to which the rods adhere, 
the photograph was taken at a level near the base of the clusters No 51 V 840; no 52, 
X 170. 
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fuchsiri, more deeply stained rods were obtained. The differential staining meth- 
ods, such as Robinow^s modifit^ation of Feulgen's techni(]ue, WinogradskyV 
stain, and ileidenhain's iion-ahim hematoxylin, revealed no internal structures, 

Invariably the living as well as the stained (*ells are homogeneous in appear- 
ance. This was found to bo true also by Davis (1922). No colored particles 
appeared after application of scarlet R or Sudan III in 80 per cent alcohol. Also, 
no color reaction could be obtained in the living cells with the vital stains methyl- 
ene blue or neutral red. On the other hand, the dilute solutions of these dyes 
stained the secjreted substance \'ividly, producing a ])eautlful effe(*t (‘olorless, 
living, moving cells adhering, often only at one end, to a bluish-purple or ri*d 
substance, depending upon which stain was used. A test- for volutin described 
by Meyer (1912), in whi(^h cells arci first stained in methyleru^ blue and thc^n 
treated with 1.0 per cent sulphuric acid, left no blue color within the (*(^lls. 

Some cells fixed by drying have a barred or segmented appearance, but this is 
not comparable to the transverse bands described by Ivrz(‘mieni(‘wska (1930) 
since in (\ columnarin there is no diffenmee in stainabilit-y. Tlu' protoplasm 
within th(i cell membraiK' is changed so that it appenirs to In* segnuMited or l)(‘aded 
as shown in nos, 15 to 19 (figure 1). It is oftem noted (hat one to three bi'tals 
(that is, granules extending tlie width of the c<*ll) are present at the mid-point of 
a rod lik(*ly to be near division. ( Vlls from the same source staine<I (upon d(*at h ) 
with vital methylene bliu* or neutral red or fixed in the sublimab* mixture, 
Zenker’s or Da Fano’s Huids, show less distinct but similar structural details in 
some cavils. However, prcf)arations made by pressing a (*ov(n*sIip on tlu^ c(‘lls 
growing on an agar surfa(*e and fixing th(» readily adhering c('lls in Z(a)k(‘r’s fiui<l 
promptly without drying pres(‘rv(Hi most nearly th(*. ('onditions of tin* li\ing <‘cll 
(figure 2, nos. 4(1, 48), and in the.se the structural efhads just (h'scrilnMl ar(^. usiudly 
absent, although normal (that is, at least viable), segnumted filanuails ociair. 
It is suggested that the psemdobarred or beaded (amditions prol)ably an* produced 
at tlie time of fixation, and more often if the (‘(41s are near division fsingl(‘ or 
multij)le). Th(* protoplasm at this period (imm(*diat(4y before and aft(‘r division) 
might be more fluid generally througlioui the (tell or at c(*rtain points. Nom* 
of th(* differential stains tried prodiuanl diffenmeus in color or in inkaisity of stain 
betw(ten any such granules or segments present. Tlu* ])ossibl(* formation of 
conidia was considered. 

Under (tertain mjt specifically known circumstanc(ts rod-shaped C(41s becom(‘ 
irreversibly coil(Hl (figure 1 , nos. 20 to 44 ; figure 2, no. 50). Altliough it has long 
been known that a myx()ba(*t(‘rial cell can txmd, lor instance in the form of a ring, 
Stapp and Bortels (1984) were the first to suggest that the peculiar “Kriim- 
muiigsbewegimgen'’ might be pathological in clumuder. Stanier (1942b), on 
the oth('r hand, staUnl ernphat4(tally that the flexing movements are not symptoms 
of degeneration, as b(4iev(‘(l by Stapp and I^ortels, l>ut are ‘‘always of very markcui 
occurrence in the majority of young, lujaltby cells which are lying in contact with 
a surface” (p. J 55). In U. columnariH normal flexing movenumts oc(mr and were, 
indeed, very often obsein ed (non section on movement), but tiiese do not pr('clud(* 
irreversible coiling ot (*ells. Tlie usual fate of c(41s which remained coiled 
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appeared to be a serien of involution or degenerate stages, from distinct, 
readily recognizable ring forms (simple or complex) to rounded l>odi(*s of various 
sizes, depending on the size of the cells which coiled, and finally to amorphous 
granules. After coiling, a veil of secreted slime often became associated with th(^ 
(fell so that, especially in the simple rings and in later stages of more complex 
rings, the whole presented the appearance of a coccus-shaped cell (figure 2, no. 
51). One canmA escape the impre.ssion that it would be easy to confuse these 
stag(3s with miciocy.sts. They stain deeply in hematoxylin, and after the n^adily 
recognizable coiled stage the dcn^ply staining part is irregularly distri))Uled. 
Finally, in the irregular granules, stain is no longer rc'tained to any great extent. 
The staining property of the.se involution form.s call to mind the so-called pyc- 
notic nuclei and their later stages of degeneration. 

('oiling (fould be readily indiUTd by mounting bacteria from licjuid media or 
an agar surface in water. With or without a coverslip and usually within about 
t(ai minubfs, coiling took place. In one such instancfe under a covcTj^lip as many 
as 20 to 40 rings could be countcnl in any microscopic field. I'lns number, how- 
(»ver, was uncommon in preparations wiiliout a coverslip added. The d(^g(*nera- 
ti\(* stag(‘s som(‘tim(*s \\(Te r(‘duc(Ml that within about one hour nothing re- 
miuned but small homogeiu»ous-aj)pearing droplets, and lh(*se .stained d(*('ply in 
li(*mat.oxylin. 

('oiling is not a fuiK’tion ot a definite stage; but it appears rather to be du(' to 
(*(‘rtain environnuMital conditions, ('ells of various siz('s and cells undergoing 
division w(*r<* obser\ ed to coil ; even veiy long c(*lls produced ring forms, and th('s(» 
wen‘ large and often (*ompl(*\ (figure 1, nos. 35, 3()). 

What(‘ver their meaning the ring involution forms are important in a study of 
this kind: th(»y are (‘onspicuous and, as stat(al, the coccuslike stagi's could caisily 
b(* confused with mi(*rocysts. Their mod(* of formation, how even*, is entin^ly 
diff(‘ivnt from that de.scribed for microcy.sts (Baur, 1905; Krzemienhwvska, 1930; 
Stanier, 1942a; and oth(‘rs), for there is no shortening of rods to form the coccus 
stagi*. The prcfsence of a few simple rings is veuy (‘ommon, but in only on(‘ tulM^ 
containing 0.5 per cent of tryptone, did practically all the cedis a.ssume various 
sim[)l(» and c.omplex ring forms. Whim the co(TUslik(‘ forms wen^ found in great 
abundance, ther(» were invariably i)re.sent also at least a few lods. One exception 
observed was a jdain gelatin cultun*. Experiments \\v\v ma,d(' to 1(\st viability 
and tiu'se an* (h'seribed below*. 


MOVEMENT 

Studies have l>e<*u made of the movements of n^yxobacteria, notably by liaur 
(1905) and Stani(*r (1942b); certain diflferences are stresscnl in the following bri(*f 
a<*count of movements in (\ colinnnaris. The })act(*ria w(m(' ol)s(ir\<Hl in w*at(*r 
mounts and on nutrient agar surfaces. In a licpud nutrient nu‘dium on a glas.s 
slide, movements wvtv rarely seen unlc^ss the nutrients were very dilute. 

The rate of creeping locomotion in water on a glass surface (with the ttanpera- 
ture uiwontrolled but approximately between 20 and 22(') was found to be 
relatively high (12 to 94 g per min; average of 14 readings, (>0 g per min) as com- 
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pared with that on nutrient agar, and as reported for the marine species (30 m to 
50 M per min). In rate of movement, C, columnans resembles the soil cytophagas 
in whi(^h the rate has been estimated to be approximately 150 m per minute, 
without temperature control (Stanier, 1942a). The rate, however, varied greatly 
fi*om barely perceptible to rapid. 

In following the course of a cell one might see it glide over other cells, stop at 
times, and then resume movement, usually in the same direction, although the 
course was not necessarily in a straight liiK'. The direction of mo\(Mnent was 
oc^casionally reversed (1 ) by (^i*eeping with the opposite (‘nd foremost , for instance 
upon conta(?t with an obstruction, or (2) by a swinging movemcMit (that is, the 
rod taking suddenly a perpendicular and then a horizontal posititm), the same 
end being foremost in the resumed gliding but pointing in the opposite direction. 
On a moist agar siiH‘a(*e such freedom of movement was probably pre\'ented, but 
flexion was possible so that the direction was o(*casionally reversed (3) by beuiding. 



Fj<J, II. (’OLCMNaH Mo\EMKNT.S on NuTRIKNT .AoaH SrKK^( ic 

Zenker’s fixative; l>a8ie fuehsin. X 26(X) reduced {. 

Permanent records (figure 3) of movements of this kind w(U’(‘ obtaiiKMl wlum a 
(toverslip was pressed on the bacteria swarming on an agar surfacre and t he whole 
straightway immersed in Zenker’s fixing fluid. 

Movements in water were of special interest . In addition to those already 
descri})ed, peculiar rotary or waving movements, sometimes combined with 
flexion, were observed in rods which had suddenly assumed a perpendicmlar posi- 
tion on glass. The waving was so regular that automatically one began to count. 
The result of counts made on stweral different individuals are: 111, 218, 193. 
The horizontal position was suddenly resumcul and sometimes just as suddenly 
the rod becarru^ perpendicular again to rejK‘at the process. Usually the rod re- 
mained fairly rigid during the movement. On the other hand, one cell was less 
rigid, and in this the Ijeat. was irregular and rapid so that accuracy in counting 
the revolutions was impossible. The circle described by the free emd was not 
complete and tlie rate dwindled noticeably just before the cell dropfH^d to the 
horizontal position. These movements, which seem fantastic in so simple an 
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organism, are nevertheless fairly similar to those often seen when the bacteria 
emerge from a mass taken from a fish lesion or from an agar surface, but in these 
isolated individuals it was much easier to study them. Of all the movements 
observed this type is the only one which would seem to require flagella, but 
flagella were not discovered by special staining methods, such as Loeffler’s and 
Fisher and Conn’s, or relief stains using nigrosine or Cliina blue. Since the elec- 
tron microscope has revealed flagella in a si)irochete, Spirochvta pallida (see Mar- 
ton, 1043), the question should perhaps be left open. 

It was interesting to observe^ cells in active mo\'ement undergoing division. 
When the I’od became bent to a V-form, the movement becann* confused, and this 
undoubtedly aided in further bending and separation of the two cells. In one 
instance it was always one cell which moved ; the other was In^nt above the moving 
(‘(41 and so carried in tlie same direction. The movement was ev(‘n more confused 
wh(‘n a longer rod b(H*ame Ixuit in two places. It is not impossible, though to th(‘ 
|)r(‘S(int inv(^stigator rather unlikely, that. V-formation can ocrcur in tlui al)S(‘nce 
of division. lien(H‘ke (1912) stated as follows: . .die normal(‘rweise g(‘rade, 

stalxtheiifbrmige My\ol)akterienz(41e kann sich kreisfbrmig l)i(^g(‘n oder au(*h 
zusanun(mknick(‘n . . .” (Stanic^r, 191(1, p. fi2()), an indication that the plumorne- 
non luts b(H*n ol)S(‘rv(Ml in other myxobact(Tia. Haur (190/)) in fa(*t d(^scril)(‘d it 
but did not associate it with fission. 

Th(* long(‘r f lu* c(4ts b(M‘ome the l(‘ss lik(4y are th(\v to be s(‘en in motion. Kvcm 
so, c(41s 20 microns long without any signs of division w(Te ()t)s(Tved to cretq) 
rapidly and cliaract(M isti(*ally on glass in a water mount . Long (’(41s in a filamen- 
tous mass w(‘re s(*en und(*rgoing a r(‘stless, rotary type of motion in entirely un- 
disturbed ai‘(^as of an agar [)lat(‘. 

(a LTI UAL UH \KA(’TKHISTU'S 

Liipiid media. In tin* vegetative stag(\s the rods appear rigid (turgid?). When 
not; in movement th(\v are straight or slightly curved (figure 1 , nos. 1 , 2) and read- 
ily ding to any small parti(4e presimt, or to one another. The resulting clusters 
or stars, and individual cells as well, are distnbut(Hl throughout the medium. In 
some instances clusters were found attached to the side of the tub(‘ where th(\v 
form(»d distinctive colonu's (figure 4), superficially resembling minute sea urchins. 
Th(\v rang(Hl in size from microscopic dots to visible objects needing no magnifica- 
tion. In older stages the cells swarmed from the enlarged, rounded, or irregular 
mass, with the r<\sult that often papillaelik(‘ clusters projected from the entire 
(^xpos(^d surface. These? pi’ojections varu'd in number and evontually elongated 
into (?olumns of organisnvs; or, rounded tips were formed which became detachcMl 
into the medium as spheres. 

A surfac*e film was formed in some tubes, and ilu're was considerable j)iling up 
of c(dls at the bottom, particularly at the lower tennperatures (13 to IS C), In 
such tubes, when shaken, a large spiral formed from the bottom layers, as would 
be expected, since the strands are composed of cells (some of them long) adhering 
to the glutinous secretion. A distinct yellow color often dex eloped on t hf‘ sui faca^ 
film or in flakes of def?lining (uiltures. A yellow ring was formed in fish extract. 
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Some of the bacteria, both long and short, were coiled into rings, especially at the 
higher temperatures, and masses of these were found in various stages of degen- 
eration. Other remaining cells seemed finally to have lost, their tiirgidity (invo- 
lution forms), for they were twisted in any manner and undulated (figure 2, no. 
52), and the threads were noticeably thicker. 

Solid media. C. columnaris grows fairly well on an agar surface, such as 
Difeo nutrient agar. The surface pattern formed by the bacteria varied, of 
course, depending in part upon the consistency of the agar and the amount of 
moisture present in the air above, or below, the surface*. If tlu^ agar was firm 
and little moisture present in the air, no growth occurred at all. Just the right 



Fkj. 4. CiJ .sTF.Rs (OR Stars) Formed in 0 5 Per (’ent Tryi'tom: Solution 

Living miiterial. Somidiagraininatic. X 125.. 

amount was required. Until this was realized, the growth nvsponse of the organ- 
ism on agar (and gelatin, to some extent) soemiHl erratic. 

Within the first 24 hours of growth following surfa(*e streaking from a liquid 
culture, a pellicle was readily removed (peek'd) from the agar. This pellicle*^ 
was uneven in thi(*kness and the pattern formed by the bacteria adhering to it 
was related to the mov<»rnent of, the organism on a solid nutritivi* substrate. Afi(*r 
24 hours, more or less, the pellicle usually became idosidy adlu^rent to the agar 
and could not be successfully removed. The bacteiia as they migrate from a 

3 The pellicle, composed of bacteria and the yellowish secretion, giv(\s a blue color reac- 
tion with concentrated sulphuric acid. Small flakes almost immediutely are halo<*d by a, 
bright blue color which increases in extent . In a few minutes the blue ifolor begins to fade 
into a dirty yellow and then becomes distinctly reddish in color. 
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g\v(ni point both tend to spread over the surface in columns and to form aggre- 
gates or cl\isters (figure 2, nos. 53, 54) from which other migratiorivS occur if there 
is (umsidcrabli^ moistun' ])resent ; otlMwwise, the* aggregates remain small and 
branching, interla(‘ing columns are formed. V^ariations between these two 
extremes of pattern oc(*urred also. The layers of bacteria increase because the 
organisms continue for some time to migrate back and forth and to multiply 
along the “paths’^ taken. If the* inoculation of the agar suri'aci^ has been such 
that colonies were well separated, the original points of grf)wth wen* recognizable 
for Jiiany hours afUa* the whole surfa(^e of the plate had b(*en cnergrown with 
bacteria. 

Samples reanen ed from a plate about 18 hours after inoculation usually showed 
(*longat(Ml (a^lLs in some ])orti()n oi the gi*owth. These gradually increased in 
mnnb(*i‘ until th(a*e was formed a more or less continuous, felted cover with many 
of tin* tilauKuils lying in parallel rows or swirls. When samples were removed 
during th<‘ <*aiiy p(*riod of ('longation and mounted in watc*r, the c(;lls invariably 
)>egan swarming from th(* mass in precisely the same manner as that d<‘scnb(*d 
and tigur(‘d by Davis in samph's taken from l<*.sious of fish. SampU^s w(*r(‘ then 
tak(Mi at hourly int (avals for 10 hours, and it was discov(}r(*d that finally this 
Ixhavior no long(*r took phu'C. The (a41s had b(*come long. Wh(*n trans- 
f(‘rn*(l to nutri(*nt nuMlia flaw reverted to small c(41s, but not in all cases. 
Just when the filaments bc'come nonviable (that is, when no further n^production 
occurs) is not n'adily detc'rmiiK'd, since* it, is difficult to t(^st many individual 
filanu'uts. If all rods which divide into more than two ci‘lls are involution forms, 
flaw may n(*v(‘rth(‘l(*ss be of som<^ importaiwe to th(‘ sp(X‘i(*s. It is possible that 
th(* suddiaily incr(‘as(»d numIxTs at high t(*mperat uius in ponds or st regains may 
bo (*nhanc(*d by tlu* multiple division if at the same* time nutri(*nts are available. 

In declining agar f)late culture, the color vn 77iasnr becom(^s (dianged from pale 
y<*ll()w to a d(*eper, old-gold shade, som(‘tinu*s with a tinge of orange. Samplers 
tak(*n showod rings and ring involution forms in patclms. A characteristic sick- 
(‘uing odor is giv(*n off by gnnvth of the bacteria on Difeo nutriemt agar, and this 
was most notic('able after 24 hours or more. .No reference to an odor of this kind 
was not(*d in the lit,(aature n'garding the myxobacteria. 

To t(*st tlu* pies(‘n(*e of r(*sistant stag(*s, inoculations into licpiid nu'dia were 
mad(* daily from an agar plate culture. After -IS hours, the inoculum contairmd 
elongated c<*lls and rounded bodies. With time, the former d(*creas(Hl in numb(*r 
w hereas tlu* latt(‘r incieased in number. The time to the appearance of turbidity 
in tube's of tryptoue solution incieased, and after the eighth day tlui solution in 
th(^ ino(*ulat(Hl tubes remaiiuvl clear. This (experiment was repc'atenl with 
lounded bodies formed in nutri(*nt gelatin with the same* r(*sult in sev(*n days. 
In oiu^ tube rounded bodi(*s only were presemt in the gelatin. No growth was 
obtaimnl in the tubes inoculated. Both unstaiiu'd (living) and stained prepara- 
tions made* from this and similai* material showed that the structure of the 
round(*d bodies resembled in even-y w^ay later stages of ring involution forms. 

\'oung surface agar (uilonies (figure 5) an* flat, colorless oi‘ pale y(*l- 
low, and intricately branching. In the spreaiiing outer zone, particularly, the 



124 


LAURA GARNJOBST 


branches often appear discontinuous owing to the swarming of cells in groups. 
The pattern in the peripheral zone for some distance is continually modified. 
Branches are sometimes withdrawn, and an entirely new pattern appears; or a 
group of rods becomes stranded at a distance, sometimes far enough to begin a 
new colony. The older, central portion of an old colony formed from a minute 











Kio. 5, SiiKi ACK PKFTONii A<;ak (\)Lf>MKs (72 hr.) 
Semidiagrammutic. X 250, reduced i. 


inoc-ulation at the center of an agar plate becomes warty in apj)eai‘ance, and the 
pattern of the surrounding zone gradually IwH'omes fixed into layers of long fila- 
ments along the main branches. These colonies rarely exceed .5.0 cm in dianmter. 
C'olonies l>eneath the agar surfacie are massive, and globular or irregular. Som<'- 
times projections are present, their formation depending upon the softness of the 
agar and the consequent migration of the cells if enough moisture is present. All 
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gradations of agar colonies were observed from entirely globular colonics to a con* 
dition in whi(di a central globular mass was surrotmd(Hl by the characteristic flat 
netAvork of branches. In older stages the network was sometimes withdrawn, 
leaving a deep yellow, entirely spherical, surface colony. 

( lelat in colonies resembled those fornuHl on agar, but the bacteria soon liciuefifHl 
t.h(i gelatin and therefon^ the coloni(\s became irregular, tilaiiKuitous masses. 
These colonies w(ne readily removed in tofo because the c('lls adhennl to the slime 
secreted. 


NFTIUTIONAL UIOQFIREM ENTS 

Nitroffrn, (\ coinmnans w as found to grow satisfactorily in a medium contain- 
ing only p('j)t()n(‘. 'Fhis is not surprising when oiu' considers its luxuriant growth 
on the d(‘rinal cells of fish at o})timum temperatures, 25 to 30 Kxperiments 
(at 25 C dr 0.5) to test whether or not the nitrogen reciuirements could also be 
nw\ by su|)plying an inorganic source wer(‘ negatixe. KXO;, or (NHi) 2 K 04 were 
su|)pli(Ml in (*onc(mt rat ions ranging from 0.1 to 1.0 p(u- cent in combination with 
0,1 p(‘r c(‘nt glucose or lactose in beetown s[)ring waivv or tin* min(a*al mt‘dium 
usimI by Stanier (10-12). The only growth xvhich octairrc'd was in the control 
tubes which contained also 0.1 per cent pt'ptone, and this was of the order found 
in a 0.1 p('r c(uit solution of j)e{)tone alone. 

IVptom's are not re<|uin‘d as su<‘h, hoxxexer, since the organism will grow well, 
even after sevcM’al transfers, in a mineral base to which hydrolyzed casein has been 
addl'd. I'hese experiments also showed that the organiMn probably synthesizes 
any ni'cixssary vitamins, biM'au.se the hydrolyzed (*asein us(»d was found to be free 
of vitamins. (For this pre])aration the author is indebted to Dr. K. L. Tatum, 
Stanford rniv(*rsity, California.) Further experiments are now being made to 
disi'oxer which amino acids are rec|uired for groxxth. 

( '(irbohydnilrs. Preliminary (‘xperiments using the ordinary standard methods 
had shown no clear-cut positixe results for the utilization (/f sugar, although in 
tryptone solutions thi' organisms <*ould tok'rate a concentration up to 0.7 jK'r 
c(‘nt ol autoclaved glucose xvithout atypi(*al groxvth. As prexiously described, a 
dilute solution of neutral red produced a definite color change to red in the slime 
secreted by tin* bacUaia. Any consideration of acid pri'diiction in small 
amounts xvould havi* to take into account this a])par(mtly basic substance i)ro- 
(Imred. Fsing glass filter-sterilized glucose in amounts ranging from 0.01 to 0.1 
per cent in O.l per cent peptone, no detectable utilization could b(‘ demonstrated 
by (jualitative methods. 

Agar af)pt‘ared not to be decompo.s(Hl in any recognizable di'grec'. The I-Kl 
solution test recommended by Stanier (1041) also xvas m^gative. The addition 
of calcium carbonate to an agar nutrient medium did not give more extensive 
growth than .a similar agar medium xvithout this sul)st arue added. The cellulose 
decomposition tests wen* made xvith filter paper strips in ( 1 ) the mineral medium 
of Stani<*r, xvith an initial pH of 7.1, and (2) in media containing 0.1 to 0.5 pc'r 
cent i)eptone, or 0.1 per cent peptone and the nitrate salts (O.H/f ). In (2) then* 
xvas no evidence of decomposition microscopically xvithin 17 days. Although no 
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growth of (\ columnaris was obtained in (1) within 14 days, Sporocytvphaga 
myxococcoidcH (from Dr. C\ II. van Nicl) inoculated into the same medium 
produced evidence of growth in six days and macroscopic decomjK)sitioii of the 
cellulose on the tenth day after inoculation. 

LIFE CYCLE AND SYSTEMATIC POSITION 

In the classitication of the Myxobacierim^ as revised by Stanier (1942), great 
ern])hasis has been placed on the production or absence' of microcysts in the life 
cy(*le. ''Phere is a tendency in the literature, moreovc'r, to regard descaiplions 
without this stage as incomple^te, which is not surprising in view of woi k in oUiei* 
fields and the long known life (*ycle of the higher myxobacteria. l'h(' sporc's in 
yeasts, for example, are not readily obtained in cultures, and a medium used to 
produce spores in one species does not necessarily produce them in othc'rs (Hc'ii- 
rici, 1930), yet this stage has been selected as a means of classification. Studic's 
on the higher myxol)acteria have shown that fruiting bodies and mi(’i*o(*ysts are 
often discovered under natural conditions and sonK'times fall to form, or are l(‘ss 
normal, in the same species in certain laboratory media (Beebe, 1911 ; Snieszko, 
McAllister, and Hitchner, 1943; and others). Although no such stage's hav e be'cn 
found in (\ columnaris under natural (conditions or in tlu' mt'dia alr(*ady d(‘- 
scribed, in the i)resent study it was consideivd important to make further t('sts 
using (‘omplex iru^dia. 

Fish tissue autoclaved in small amounts for a minimum of tinu* (5 to 10 min- 
utes at 121 C), with or without agar, failed to produce' microcysts in (\ coluuuiaris 
at sev('ral teinp(Tatures, including 30 (\ Several kinds of ('uba(*teria isolatt'd 
from pond water {Pseudomonas and Sarcina species) w vro. autoclaved a.nd add(‘d 
to the uK'dium or us(k 1 alone in agar or water suspensions, according to the 
methpds described by B('(4>e (1941 ), but tlu'se also faih'd to give* posit i\'(* results. 

Snieszko ct al. (1913) suggested that the pronounced [)roteolytic properties of 
myxobacteria wenc probably responsible' for the obse'rvations made' by othe'r 
investigators and tiiemsedves that when the vegetati^a' growth is more j)rofuse, 
there is a greater probability that fruiting fmdies will not de\ elo]) at all, or will bee 
autolyzed before dewelopment is complete. C\ columnaris Forms proteolytic 
enzymes, known from its rapid liquefaction of gelatin, clearing action in milk, 
and slow dissolution of autoclaved bacteria. In reegard to the latter it may be* 
mentioned that the organism will gro\v in a ineMlium ce)m[)e)S('d of insoluble* 
material prepared frejm Photobactcrium sp. (for f)reparatie)n sc'e Tatum ct oL, 
1942) in a mineral solution. Scantier growth which permitted eh've'lopmemt in 
spite of enzyme production in tw o species of M yxococtms, according to Sriieszke^ 
ci al.y did not bring forth fruiting bodies or microcysts in (\ columnaris. In 
tryptonc or proteose peptone media with 0.1 per cent agar (\ columnaris produce'd 
a heavy pellicle, but no fruiting bexlies \vere formed. King involution forms were* 
abundant. * 

7"here aje now^ at least six (probably nine) myxobacteria in which microevsts 
are definitely considered absent (Stanier, 1942; Fuller and Norman, 1942). The 
present sjx^cies differs from these cytophagas in several respects, the most impor- 
tant being that cellulose is not decompased to any recognizable degree. This 
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statement loaves out of aceount two soil cytophagas, very briefly deseribed by 
Fuller and Norman (1943), wlii(*h also do not attaek eellulose; l)ut the fact that 
(\ columnaris is an animal parasite probably would distinguish it from these soil 
forms. These difTereiK^es, indeed, might warrant th(' creation of a new genus. 
The hesitancy to do so seems justified for the present- f)ecause of the small number 
of speci(‘s in the (Ujlophaga group and the present status of this field of research. 
Stanier’s temporary groups might well be extendcHl to thre(% including a fresh- 
wat('i* group. WhetluM* or not C. columnarifi is a true water form is of course not 
definit(4y known at. the present time. 

DIAGNOSIS 

Cyfophoffa colHmnari,s (l)a\ is) (Jarnjobst; pro synoti. Banllus columnarifi 

Davis, 1922 

Morphology; Highly flexible, singly occurring rods, 0.2 to 0.1 by 2.0 to 12.0 
microns, capable of columnar, aflagellar, ])rogressive movement on surfaces. 
b(Migth v(*rv variable, average about S.O microns. In older cultures, cells from 
1 2.0 to 20.0 microns are common. llrancluHl cells ar(‘ sometimes found. ( Irani- 
n('gativ(‘. ( ells stain (wenly by ( licansa’s, Winogradsky’s, and Feulgen’s stains, 
and by lhadenhain s iron-alum laanatoxylin. Thickened filaments and coiled 
(ring or coiToid) iinolution forms usually o<*cur in old cultures. Star-shaped 
aggr(‘gates of c(41s form in liciuid media and on agar with (‘onsiderable moisture 
present. 

F('pton(‘ agar plati*: Orowth begins as a jiale yellow spreading swarm which 
rar(‘ly (^xcchhIs a diametm* of 5.0 cm at any tinu*. The branching, anastomosing 
columns of cells form a continually changing pattern, but gradually the pattern 
becomes fixed, b(*ginning at tlu' c(‘nter, or older ])ortion, and progressing outward. 
Warts and ring involution forms a])pear in the old(‘r jiortions. After 3 to I days, 
the color be(a)m(’s distinctly yc’llow or old gold (sometimes with a tinge of orange) 
with a glistening surface. 

Non nutrient gelatin: Rapid, stratiform licpiefaction. 

Li(iuid media: (bowth is turbid and silky, .sometimes with a pcdlicle which be- 
com(?s ycdlow’ with age; at 13 to ISC’ particularly, cells become piled up at the' 
bottom of the tube. 

ITilizable (‘arbon .sources: Proteinaceous materials are (he only on(»s known. 
(Vllulose, starch, and agar not attacked. 

Utilizable nitrogen .sourc(*s: Peptone and hydrol 3 ^zed casein are the onl}’ suit- 
able ones known . 

Jlydrogen sulfide formed. 

Catala.se positive. 

Indole not formed (CJnezda test). 

Salt concentration rang(‘: To 0.3 per cent in 0.5 ])er cent tiyptone solution. 

Strictl^^ aerobic. 

Optimum temperatures; 25 to 30 (’. 

Source: Dermal lesions, fresli-wnter fishes. 

Habitat: C’utaneous and connective ti.ssues of fish. 
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SUMMARY 

Bacillus Columbians Davis, 1922, a dermal parasite of fresh-water fishes, has 
been isolated and grown successfully in peptone media and in hydrolyzed (*asein 
added to a mineral base. Its mor[)hologi(*al characteristics, aflagellar type of 
creeping motility, and absen(*e of microcysts in the life cycle place this organism 
in the order Myxohacicriales, family Cytophagaccae. Reasons for including B, 
columnaris in the genus Cylophaga are presented. This species was found to 
differ from other members of the genus in not atta(*king cellulose to any extent, 
in its parasitic nature, and in other minor respects. 

I wish toexpiess my thanks to Dr. IT. S. Davis for helpful advice during the 
course of this work, and also for making the photorni(‘rographs. 
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It is known that during aorobic and anaerobic oxidation of i^uoose by Etcheri- 
ehia eoli, tiie reaction products include carbcm dioxide and hydrogmi. Equal 
amounts of these gases result from the enzymic decompositicm of formate, wMoh 
is an oxidation product oS ^ucose. In ad^tion, carbon diotide is also produced 
from various other sources, e.g., glucolyas and decarboxylation of pyruvate. 
The evolution of carbon dioxide, arising brom reactions between the adds formed 
from iducolyds with sodium bicarbonate, usually added to the iducolytic system, 
ean lately be eliminated by omitting the addition of the carbonate. The gases 
formed under such conditions should prindpally condst d (a) carbon dioxide, 
resulting frcun the decarboxylation d pyruvate, etc., and (b) carbon dioidde and 
hydrogen resulting from the decompoeition d formate. The presence of potas- 
sium hydroxide in the inner cup of the Warburg flask elitninates carbon dioxide 
from the system by Absorption. This leaves hydrogen done in the system, and 
hydrc^n can be measured manometrically. Under these conditions, in the 
presence of sulfonamides manometric measuremoats will roughly show the degree 
of inhibition d hydr<^n evolution, or the inhibition of the oxidation d glucose to 
formate. A parcel measurement with pure formate as substrate will, likewise, 
show whether or not its decompodtion is inhibited by sulfonamides. 

Under aerobic ccmditions, manometric measurements of the oxidation of 
C^uoose are complicated by the fact that oxygen is consumed, creating a negative 
pressure, and carbon dioxide and hydrogen a^ evolved, creating a podtive pres- 
sure. Carbtm dioxide can be elin^ted by potasdum hydroxide as described 
abore. Under these oimditions, the change in the pressure the system is con- 
trofled by the balance of the volume d oxygen consumed and that of hydrogen 
eviflved. Only a careful evaluation d these factors can enable us to show 
whether or not stdfonazmdes inhMt the oxidation of ^ucose by E. coU under 
these conditions. 

I This has been aided by a great from Hie Jbdah hteey, Jr., Fouoda* 

tion. 
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RRSCLTS 

A wnvpceriion qf fAe evolviion of gases formed during the metabolism of sodium 
formate and glucose under anaerobic conditions. In the absence of added sodium 
bicarbonate, the evolution of gases from the metabolism of sodium formate and 
glucose was measured at hourly intervals for a period of 5 hours. These measure- 
ments were carried out in (a) m/150 phosphate of pH 7.2, and (b) m/160 phos- 



phate containing a 0.06 per cent yeast extract. The inner cup of the Warburg 
flask did not contain potassium hydroxide. The volume of gas evolved in the 
sodium formate system represented, therefore, an equimolecular mixture of 
carbon dioxide and hydrogen. One half of the volume of gases evolved was used 
to calculate QCO* or QHj. The gases evolved in the system containing glucose 
were treated in the same manner for a comparison with sodium formate. Figure 
1 represents the QHi or QCOj values plotted against time. It can be seen that 
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the curves are similar in shape. QHs values sharply rose at the beginning, the 
peaks of optimal activities were reached within 30 to 90 minutes. Then they 
Alined until the curves nearly flattened out. This is probably not due to the 
exhaustion of the substrates, but to the attainment of the possible reaction equilib- 
rium: HCOOH H, -I- CO,. 

The selective inhibition by sulfanilamide and “p-aminobemoic acid of the evolution 
of gases from glucose, and failure to inhibit the decomposition of formate by E. 
coli. The question to be answered is whether or not sulfonamides inhibit the 
decomposition of formate, or its formation from glucose. The results given in 
table 1 deal with this question. The initial weight of E. coli added to each 
anaerobic system was 1 .5 mg. Measured at the end of a 6-hour period, there was 
no increase in the number of organisms in the systems containing sodium formate 

TABLE 1 

The selective inhibition of the evolution of hydrogen and carbon dioxide during the anaerobic 
metabolism of glucose, and failure to inhibit the evolution of these gases from formate 
by Escherichia coli by sulfanilamide and p-aminobenzoic acid 


mioD 

INHIBITION BY SULTAMILAJODB (0.04 M) 

INHIBITION BY ^AMINOBBNZOIC ACID (0.04 M) 

Sodium fonnate j 

1 Glucose 

Sodium formate ! 

Glucose 

Buffer 

Yeast 

extract 

Buffer 

Yeast 

extract 

Buffer 

Yeast I 
extract 

Buffer 

Yeast 

extract 

kimr 

per cent 

per cent 

per certt 

per cent 

per cent 

per cent 

per cent 

per cent 

1 

6 

9 

33 

37 

-9 

12 

28 

50 

2 

11 

4 

36 

35 

-6 

8 

33 

48 

3 

10 

6 

37 

36 

-5 

6 

36 

36 

4 

10 

6 

38 

39 

-4 


38 

27 

5 

11 

4 

^2 , 

36 

-1 

3 

39 1 

1 

8 


Reaction system consisted of 5.8 ml of 0.85 per cent sodium chloride containing m/150 
phosphate of pH 7.2 and 18 mg of glucose, or 15 mg of sodium formate. The concentration 
of yeast extract was 0.05 per cent. T ** 37.5 C. Measurements were carried out in an 
atmosphere of 96 per cent N 4* 5 per cent carbon dioxide with the Barcroft-Warburg setup. 

with or without 0.05 per cent yeast extract, and in the system containing glucose 
without yeast extract. In systems containing both glucose and yeast extract, 
the weight of E. colt for the control was 2.25 mg, a 50 per cent increase in growth. 
In systems containing sulfanilamide and p-aminobenzoic acid, the weights of 
E. coli were, respectively, 1.873 mg and 2.063 mg. These correspond, respec- 
tively, to 60 and 25 per cent inhibition of growth. It is to be noted, as discussed 
below, that sulfanilamide under these conditions caused a 36 per cent inhibition 

anaerobic respiration. In contrast, the metabolism of sodium formate, which 
did not support growth, was not significantly inhibited by sulfanilamide and 
p-aminobenzoic acid. 

Hourly results of manometric measurements showed that the decomposition 
of sodium formate by E. coli, into hydrogen and carbon dioxide, was not in- 
hibited by 0.04 M sulfanilamide and p-aminobenzoic acid. In contrast, the 
evolution of these gases during the anaerobic metabolism of glucose was inhibited 
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from 33 to 42 per cent (in buffer), and 36 to 39 per cent (in yeast extract) by 
sulfanilamide. Under identical conditions, the inhibition (in buffer) by p- 
aminobenzoic acid was from 28 to 39 per cent. However, in the presence of 
yeast extract, the initial 50 per cent inhibition by p-aminobenzoic acid gradually 
declined, and at the end of the 5-hour period only an 8 per cent inhibition was 
observed. 

The above observations show that sulfanilamide inhibited the oxidation of 
glucose to formate, and not the decomposition of formate into carbon dioxide 
and hydrogen. 

Factors contrSyuiing to the evolvMon of hydrogen and carbon dioxide during the 
aerobic metabolism of sodium formate and glucose by Escherichia coli. During the 

TABLE 2 


Factors contributing to the evolution of hydrogen (and carbon dioxide) during the aerobic 
metabolism of sodium formate and glucose by Escherichia coli 



SODIUM FOUCATE 

GLUCOSE 

E. COU 

Buffer 

Yeast 

extract 

Horse 

serum 

Yeast 
extract 
+ horse 
serum 

1 

Buffer 

Yeast 

extract 

Horse 

serum 

Yeast 
extract 
■f horse 
serum 

E. coli in mg (3i hr) ... 
mm* Hi liberated (3i hr) . 
QH, 

1.575 

122 

23 

1.575 

623 

114 

1.575 

404 

75 

1.575 

497 

90 

1.575 

724 

133 

3.000 

1657 

207 

3.825 

2222 

235 

3.825 

2001 

212 


Reaction systems: see footnote to table 1. Measurements were carried out in an atmos- 
phere of air-oxygen. Carbon dioxide evolved during the reactions was absorbed in potas- 
sium hydroxide placed in the inner cup of the Warburg flask. Initial weight of E. coli 
added to each system was 1.575 mg. The concentrations of yeast extract and horse serum 
wei;e, respectively, 0.05 and 25 per cent. Molarity of glucose and sodium formate were, 
respectively, 0.016 and 0.036. 

The numerical values correspond to the positive pressure (hydrogen evolution) in excess 
of the negative pressure (oxygen consumption) exercised on the system. The observed 
pressures were converted into min® values. The QHs values represent only a fraction of 
the total volume of hydrogen (and of carbon dioxide) produced. 

aerobic metabolism of formate by E, coli, two simultaneous reactions take place: 
consumption of oxygen, yielding water and carbon dioxide; and decomposition 
of formate, yielding hydrogen and carbon dioxide. The aerobic metabolism of 
glucose by E, coli involves, therefore, consumption of oxygen with the simul- 
taneous liberation of carbon dioxide and hydrogen. The determination of the 
degree of gaseous exchange in these systems involves technical diflSculties w^hich 
have not been overcome. With the elimination of carbon dioxide (absorption 
in KOH), the change in the pressure of the systems can serve as an indication of 
the preponderance of the volume of oxygen consumed, or that of hydrogen 
evolved. When the manometer does not register a change, it is an indication that 
the volume of oxygen consumed is equal to the volume of hydrogen evolved. 

The numerical values, corresponding to the results of four different sets of 
conditions, presented in table 2, represent the volume of hydrogen evolved 
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(positive pressure) in excess of the unknown volume of oxygen consum^ (nega- 
tive pressure). It is clear that in these experiments the volume of hydrogen 
(and carbon dioxide) evolved markedly exceeded the volume of oxygen consumed. 
We are, therefore, left with no alternative but to determine the inhibition of the 
evolution of hydrogen by sulfonamides. 

The results show that the presence of yeast extract in the systems caused a 
fivefold increase in the evolution of hydrogen from formate when compared with 
the results obtained in a simple buffer system. In the presence of horse serum, 
a similar effect was observed. With glucose the effect of yeast extract and horse 
serum was marked, but not so great. 

TABLE 3 


The effect of the inhibition by sulfanilamide and p-aminohenzoic acid of the evolution of 
hydrogen during the metabolism of glucose on the measurement of the volume of 
oxygen consumed by E. coli 


K. COLI 

YEAST EXTRACT 

HORSE SERUM + YEAST EXTRACT 

Control 

Sulfanil- 
amide 
(0.04 m; 

^-Amino- 
benzoic 
acid 
(0.04 m) 

Control 

! 

Sulfanil- 
amide 
(0.04 M) 

^-Amino^ 
benzoic acid 
(0.04 M) 

A 







E, coli in mg (3i hr). . 

3.900* 

3.225 

3.375 

5.400 

4.200 

4.425 

mm* Os consumed (3i hr) . 

1537 

1530 

1530 

571 

1679 

1731 

QOs. . .. 

158 

179 

174 

46 

164 

163 

Inhibition (%). . . . . . ^ 


-13t 

-10 


-256 

-254 

B 






i 

E. coli in mg (3J hr). . 

3.525t 

3.000 

2.663 

3.525 

3.750 

3.825 

mm* Os consumed (3i hr) . . 

1309 

1317 

1283 

0§ 

1410 

683 

QOs 

152 

171 

1 181 

0 

157 

75 

Inhibition (%) 

1 

-12 

-19 

1 

>-100 

>-100 


* Initial weight of E. coli added to each system was 1.65 mg; yeast extract, 0.05 per 
cent; horse serum, 22 per cent. 

I — as increase. 

t Initial weight of E. coli added to each system was 1.388 mg. 

§ 0 value means that the volume of oxygen consumed is equal to the volume of hydrogen 
evolved. 

The effect of the inhibition by sulfanilamide and p-aminobenzoic acid of the evolu- 
lion of hydrogen during the oxidation of glucose on the measurement of the volume 
of oxygen consumed by Escherichia colL As shown before, during the aerobic 
oxidation of glucose by E. coli, in systems containing yeast extract, or serum and 
yeast extract, the volume of hydrogen evolved exceeded the volume of oxygen 
consumed. The results presented in table 3, on the other hand, show that the 
reverse may also be true. Considering this fact, and also the fact that sulfanila- 
mide and p-aminobenzoic acid inliibited the evolution of hydrogen during the 
anaerobic metabolism of glucose, we would expect an apparent increase in the 
measurement of the volume of oxygen consumed in the presence of these 
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iahibitors over that ccmsumed in their absence. That is, they partly remove, by 
inhibiting the evolution of hydrogen, the shield that obstructed a more complete 
measurement of the volume of oigrgen consumed. The results presented in table 
3 show that in systems containing yeast extract the effect of these inhibitors on 
the measurement of oxygen uptake underwent an increase of from 10 to 13 and 
from 12 to 19 per cent only. On the other hand, in the presence of horse serum 
and yeast extract, these inhibitors caused an increase of from 100 to 255 per cent 
in the measurement of the volume of oxygen consumed. As stated, this indi- 
cates a marked suppression of the evolution of hydrogen by these inhibitors. 

These observations do not, in any way, give us a clue to the degree of the 
inhibition of oxygen consumed. We must, however, not overlook the possi- 
bility of the inhibition of oxygen consumption, despite the apparent increase in 
the measurement of oxygen uptake under these conditions. 


TABLE 4 

Inhibition by sulfanilamide (0.04 M) of the aerobic respiration and growth of E. eoli in the 

presence of glucose and neopeptone 


E. COU 

BUFEES 

i 

neopeptone (0.18%) 

NEOPEPTONE (0.45%) 

Control 

Sulfanil- 

amide 

Control 

Sulfanil- 

amide 

Control 

Sulfanil- 

amide 

E, coli in mg (3 hr) 

1.350* 

1.350 

3.338 

2.362 

4.725 

3.338 

mm* Oj consumed (3 hr) . 

383t 

305 

1188 

512 

1352 

778 

QO 2 

94 

75 

169 

92 

148 

111 

Inhibition of O 2 uptake (%) . 


20 


46 


25 

Inhibition of growth (%) 




29 


29 


* Initial weight of E. coli added to each system was 1.350 mg. 

t Carbon dioxide evolved during the reaction was absorbed in potassium hydroxide 
placed in the inner cup of the Warburg flask. 


Inhibition of oxygen consumption and growth of E. coli by sulfanilamide. The 
inhibition of oxygen uptake was readily demonstrated in a system containing 
glucose and buffer, or glucose and neopeptone. The results (table 4) show that, 
in 0.18 per cent neopeptone, a 46 per cent inhibition of oxygen uptake was as- 
sociated with 29 per cent inhibition of growth. In 0.45 per cent neopeptone, a 
25 per cent inhibition of oxygen uptake was associated with 29 per cent inhibition 
of growth. 


DISCUSSION 

The decomposition of formate into equal volumes of hydrogen and carbon 
dioxide has been known for over sixty years (Hoppe-Seyler, 1876). Hoppe- 
Seyler stated that calcium formate on hydrolysis by bacteria sdelds calcium car- 
bonate and equal volumes of carbon dioxide and hydrogen. More recently 
Quastel and Whethara (1925) have reported that there is a complete oxidation 
of formic acid (anaerobically, methylene blue technique) to carbon dioxide by 
E. coli, that there is a great increase in pH during the anaerobic oxidation of 
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formic acid, and that carbon dioxide is released on treatment with acid. These 
observations suggest an equilibrium reaction of HCOOH H* + CO*. 

Stephenson and Stickland (1932) stated that there were three bacterial 
enzymes which were known to act on formic acid or hydrogen: 

(1) hydrogenase, which activates molecular hydrogen 

H* + X XH*; 

X = hydrogen acceptor (or carrier). 

(2) formic dehydrogenase which catalyses the reaction 

HCOOH + X ?± XH* + CO*. 

(3) formic hydrogenlyase, which catalyses the reaction 

HCOOH ^ H* + CO*. 

E. coli grown on plain broth has hydrogenase and formic dehydrogenase but 
no formic hydrogenlyase. Formic hydrogenlyase, in the case of E. coli, is stated 
to be an adaptive enzyme, i.e., it is formed only w’hen the organism is grown in 
the presence of formate. 

By measuring the equilibrium H; 2H+ + 2*, Green and Stickland (1934) 
found that E. coli and colloidal palladium are equivalent as catalysts. That is, 
an identical equilibrium point is obtained with both catalysts. The forward and 
backward reactions in HCOOH H* + CO*, according to Stephenson and 
Stickland (1932), is catalyzed by a single enzyme, hydrogenlyase. On the other 
hand, Ordal and Halvorson (1939) stated that the production of hydrogen and 
carbon dioxide from formic acid is the result of the combined action of the 
enzymes hydrogenase and formic dehydrogenase, which makes unnecessary the 
postulation of formic hydrogenlyase as an enzyme separate and distinct from 
hydrogenase and formic dehydrogenase. 

In consideration of the reaction HCOC)~ + H*0 — + HCO*” + 2H+ + 2«, and 
2H+ + 2« — > H* (Borsook, 1935) and of other observations. Waring and Work- 
man (1944) suggest the possible hypothesis that the formation of molecular 
hydrogen from formate by certain bacteria involves the combined action of 
formic dehydrogenase, an intermediary electron mediator (probably cytochrome- 
like), and hydrogenase. 

Considering the reaction HCOOH ;=± H* -f CO* from the point of view of the 
kinetics of catalsrtic reactions, a single enzyme could be responsible for the 
equilibrium reaction in either direction. The theory of catalysis states that a 
catalyst does not alter the point of equilibrium but accelerates the rate at which 
the equilibrium state is attained. It accelerates the rate of the reverse reaction 
to the same extent as that of the forward reaction. These considerations make 
the postulation for the existence of two enzymes, exercising “direction specificity” 
in an equilibrium reaction, unnecessary. This appears to have been experi- 
mentally demonstrated by the findings of Green and Stickland (1934). In a 
study involving calculations of the free energy and heat of reactions, determina- 
tion of equilibrium points, the specific inhibition of the enzyme system, etc.. 
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Woods (1936) concluded that hydrogenlyase catalyases both the S 3 aithe 8 is and the 
breakdown of formic acid. Kalnitsky, Wood, and Workman (1943) also found 
that in the absence of hydrogenlyase, the reduction of CO 2 from the medium by a 
cell-free enzyme preparation of E, coli is not the mechanism of formic acid forma- 
tion. In view of these considerations, the statement of Stephenson and Stick- 
land (1932) that HCOOH ;;± H2 + CO2 is catalyzed by a single enzyme hydro- 
genlyase appears to possess a theoretical as well as an experimental basis. 

Ordal and Halvorson (1939) stated that the hydrogen produced from glucose 
by E. coli comes from formic acid, which is an intermediate product of the metab- 
olism of glucose. The results of our experiments, presented in figure 1, seem 
to lend support to this view. This was further indicated by our finding that 
sulfanilamide was capable of inhibiting the production of hydrogen from glucose. 
In contrast, sulfanilamide (0,04 m) was incapable of inhibiting the production of 
hydrogen from formate. If there is in E, coli a single enzyme responsible for the 
liberation of hydrogen from both glucose and formic acid, it is reasonable to con- 
clude that sulfanilamide should exercise a similar inhibitory effect on this single 
enzyme system. Absence of inhibition of the formic acid enzyme (hydrogenly- 
ase, or dehydrogenase, or hydrogenase) and the presence of inhibition of the re- 
actions producing hydrogen from glucose mean that sulfanilamide inhibits the 
respiratory enzyme system which oxidizes glucose to fonnic acid, and has no 
action on the metabolism of the latter. This means that there are two enzymes 
in E, coli. Waring and Workman (1944) are of the opinion that the formic acid 
enzyme system contains an intermediate electron mediator which contains iron, 
probably in a manner similar to cytochrome. If we take for granted the existence 
of this electron mediator, we can readily see from the observations discussed that 
sulfanilamide does not exercise inhibitory action on the iron-containing compo- 
nent of the enzyme system. Bucca (1943) reported that sulfanilamide fails to in- 
hibit catalase and peroxidase, but exercised marked inhibitory effect on the indo- 
phenol oxidase (cytochrome-c-c 3 rtochrome-oxidaso) of gonococcus. In view of 
this observation, the presence of an iron-containing, cytochromelike electron me- 
diator in E. coli would seem to be subject to question. However, since iron- 
porphyrin-containing enzymes, catalase or peroxidase, of the gonococcus are re- 
sistant to sulfanilamide, the question of the specificity of the protein components 
of enzymes in each species of bacteria must be assumed to play a significant 
role in this respect. This would explain also the selective resistance of formic 
acid dehydrogenase in E. coli to sulfanilamide. These considerations permit us 
to conclude that the inhibition of the oxidation of glucose (aerobically and anaero- 
bically) is the result of the inhibition of an E. coli dehydrogenase, or flavoprotein, 
or both. This is in accordance with the “inhibition of respiration theory’^ 
(Sevag and Shelburne, 1942). 

Ordal and Halvorson (1939), after reviewing vaiious reports concerning the 
ability of E. coli to produce hydrogen from glucose and formate, are of the opinion 
that the enzyme can be permanently or temporarily lost. They found that 
suspensions of E. coli grown in glucose or maltose broth produced hydrogen from 
formate, glucose, or maltose at a rapid rate. In our experiments, E. coli was 
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grown for 18 hours in phosphate broth of pH 7.4 containing 0.5 per cent ^ucose. 
The results plotted in figure 1 show that washed suspensions of E. colt exhibit 
moderate activity in producing hydrogen from both formate and glucose in a buf- 
fer mixture. On the other hand, in the presence of 0.05 per cent yeast extract 
the activity was from 2- to 3-fold greater. This indicates that coenzyme factors, 
present in yeast extract, play an important role in the activity of cell suspensions. 
This is also evident from the results presented in table 3 (Section A) . An analysis 
of the results show that, in yeast extract, the QOj was 158, which is interpreted as 
showing that the volume of oxygen consumed exceeded the volume of hydrogen 
evolved by QOa 158. In the presence of horse serum and yeast extract QO* 
was 46, which means that a greater volume (158—46/158 X 100 = 71 per cent) 
of hydrogen was produced than in the yeast extract medium. Evidently the 
factors present in serum are much more effective than those present in yeast 
extract alone. It must be remembered that these activations are obtained 
without previous training, or adaptation, of E. coli in these media. A similar an- 
alysis of the results presented in table 3 (Section B) leads to the same conclusion. 
In yeast extract QOj was 152, and in horse serum and yeast extract QO 2 was 0. 
This means that when serum and yeast extract are used the volume of hydrogen 
evolved is equal to that of oxygen consumed; in other words, a much greater vol- 
ume of hydrogen was evolved in yeast extract and serum than in yeast extract 
alone. 

In the presence of 0.04 m sulfanilamide the production of hydrogen during the 
metabolism of glucose and growth of E. coli was inhibited by > 255 per cent, 
which was shown by an increase, equal in degree, in the measurement of the 
volume of oxygen consumed. This increase resulted from the inliibition of the 
oxidation of glucose to formic acid. 

Under the conditions described, yielding interfering amounts of hydrogen, the 
inhibition of oxygen consumption could not be determined. However, in experi- 
ments carried out in neopeptone, there was no evidence regarding the production 
of hydrogen; under these conditions the volume of oxygen consumed was marked, 
giving 94 for QO 2 . Sulfanilamide exercised from 20 to 46 per cent inhibition of 
oxygen uptake and 29 per cent inhibition of growth. 

The inhibition of both the evolution of hydi-ogen and consumption of oxygen, 
and of growth, shows that sulfanilamide inhibits the respiratory enzymes of 
E. coli. Kohn and Harris (1941) reported tliat the oxygen consumption of sus- 
pensions of E. coli was not affected by sulfanilamide. However, a calculation 
of their results by Henry (1943) showed from 4 to 37 per cent inhibition in 10^ 
to 10“^ M sulfanilamide. 


SUMMARY 

Hydrogen is produced during the aerobic and anaerobic metabolism of formic 
acid and glucose by Escherichia coli. The hydrogen produced from glucose ap- 
pears to result from formic acid, which is formed from glucose as a reaction 
product. 

Considering the reaction HCOOH ^ Hi -I- COs from the standpoint of the 
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kinetics of catalytic reactions, there appears to be reason for believing that a 
single enzyme is responsible for the forward and reverse reaction. Postulation 
of the existence of two enzymes is not supported. 

Sulfanilamide inhibited the oxidation of glucose to formic acid. It had no 
effect on the metabolism of formic acid. Sulfanilamide also inhibited the con- 
sumption of oxygen in the presence of glucose, and growth to a comparable 
degree. 

These considerations show that sulfonamides inhibit the respiratory enz3rmes 
of Escherichia coli, 
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In studies dealing with the mode of action of sulfonamides, one of the objectives 
is to obtain information regarding the action of drugs in the highly complex 
environment in vivo. It is likewise the objective of such studies to demonstrate 
why certain drugs are most effective against certain bacteria, and others are 
completely ineffective. To correlate the results of in vitro studies with those 
obtained in in vivo experiments, it is necessary that at least some of the com- 
ponents of environments in vivo be incorporated in the experiments in vitro. 
In view of these considerations, in our earliest studies (Sevag and Shelburne, 
1942a, 1942b), the correlation of the inhibition of respiratory enz 3 Tnes with the 
inhibition of growth by sulfanilamide was made in media containing serum and 
yeast extract. The results showed that inliibition of respiration of Streptococcus 
pyogenes resulted in proportional inhibition of growth. In contradiction of the 
results obtained by us, Wyss, Strandskov, and Schmelkes (1942) reported that 
inhibition of respiration studies did not show true sulfanilamide activity. Since 
these investigators experimented in simple buffer media, their conclusion may no 
doubt be accurate as far as the conditions they used are concerned. Their results, 
however, neither resemble the results obtained under the conditions of our 
experiments, nor can they serve to bring out true sulfonamide activity. As will 
be shown in the present study of the factors controlling sulfonamide activity, 
serum proteins play a very important role. Most investigators who have con- 
fined themselves to the study of the action of sulfonamides on bacteria in re- 
stricted simple media (synthetic or casein hydrolyzate), appear to have failed 
to take into consideration the importance of serum proteins. Although experi- 
ments carried out in simple media may yield valuable information as to the effect 
of various substances added to the medium, etc., they fail to lend themselves to a 
satisfactory correlation with clinical observations. For this and similar reasons, 
theories formulated for the correlation of certain physico-chemical properties of 
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sulfonamides with their action on bacteria in simple media fail to answer ade- 
quately the question of the mode of action of sulfonamides. 

With consideration of the problems briefly discussed, we have carried out 
comparative experiments in systems with and without serum proteins. Our 
findings should be of clinical significance. 

Inhibition by para-, ortho-, and meta-aminobenzeriesvlfoTiamides, and p-amino- 
benzoic acid of the respiration and growth of pneumococcus type I, in simple medium, 
and absence of inhibition in serum. The results presented in table 1 show that in 
yeast extract para-, ortho-, and meto-aminobenzenesulfonamides, and p-amino- 
benzoic acid inhibited the respiration, respectively, 38, 77, 59, and 27 per cent. 
In the presence of 27 per cent horse serum, these inhibitions were, respectively, 
—37, —49, —33, and —24 per cent. That is, the inhibitions were not only 
abolished, but respiration was increased by these drugs. Similarly, in the 
presence of yeast extract these drugs inhibited the growth, respectively, 45, 70, 
64, and 32 per cent. In the presence of serum these inhibitions were reduced, 
respectively, to 17, 35, 8, and — 6 per cent. These observations show that serum 
proteins are critical factors in the degree of inhibition exercised by sulfonamides. 
They likewise show that bacterial enzyme proteins compete with serum proteins 
for these drugs. This aids in explaining why sulfanilamide is not an effective 
drug against pneumococcal infections. 

Failure of 0,04 ^ para-, meta-, ortho-aminobenzenesulfonamides, and p-amino- 
benzoic acid to inhibit the respiration and growth of Staphylococcus aureus. It is 
known that sulfanilamide and, in fact, most of the sulfonamides are of very little 
use in the treatment of infections with Staphylococcus aureus. It is therefore of 
interest to learn to what extent clinical observations can be correlated with the 
results of respiration experiments under conditions somewhat suggestive of 
conditions in vivo. Inhibition of respiration and growth was measured under the 
following conditions: (a) a mixture of phosphate buffer and glucose, to deter- 
mine the effect of sulfonamides on the respiration of resting cells; (b) a mixture 
of buffer, glucose, and 0.3 per cent yeast extract (table 2), to determine the 
effect of the drug on respiration and growth simultaneously in the absence of 
serum proteins; and (c) a mixture of buffer, glucose, yeast extract, and 50 per 
cent serum (table 3). The results of these experiments are presented in tables 
2 and 3. 

It can be seen (table 2) that 0.04 m solution of para-, meta-, ortho-snamo- 
benzenesulfonamides, and p-aminobenzoic acid do not exercise any appreciable 
degree of inhibition on the aerobic respiration and growth (5-hour period) of a 
laboratory staphylococcal strain (P78) under the first two conditions. It must 
be mentioned here that yeast extract, which contains practically all the vitamins 
and other accessory substances present in the yeast cell, is a much more complex 
medium than casein hydrolyzate or synthetic medium. The p-aminobenzoic 
content of the yeast extract was too small to be detected by the method of 
Bratton and Marshall (1939) by which 0.02 pg per ml volume could easily be 
measured. Because of the presence of these accessory factors, bacteria are much 
more resistant to the action of sulfonamides in yeast extract than in casein 
hydrolyzate or synthetic medium. This will be further discussed. 



TABLE 1 

Inhibition of the aerobic respiration and growth of pneumococcus by O.O 4 a para-^ ortho- j and meta-amirwbenzenesulfonamides, and 
para-aminobenzoic acid (p-ABA) in simple mediuMf and absence of inhibition in serum ($7 per cent) 


STTLFONABaDBS AND BACTEBIAL RB5PIBATION AND GROWTH 


141 


1 

Ye«st 
extract + 
serum 

1.74 

1370 

158 

-24 

-6 


lJ 


Sis 

>^8 




§ 


8 

lA 

1320 

169 

-33 

8 

1 

Yeast 

extract 

0.677 

247 

73 

59 

64 

1 

Yeast 
extract + 
serum 

1.189 

1125 

189 

-49 

35 

Yeast 

extract 

0.615 

124 

40 

77 

70 

2 

Yeast 
extract + 
serum 

1.435 

1290 

174 

-37 

17 


Yeast 

extract 

0.869 

473 

109 

38t 

45 

CONTEOL 

Yeast 
extract + 
serum 

1.66 

1052 

127 

Yeast 

extract 

1.333 

1181 

177 


• 

& 

S 

i 

i 

• 

10 • W ^ 

•■s:r 

w, a ■g.’S 

a 3 s S 

rt 0 "2 

•S g :0 ^ 



Pneumococci 
mm* oxygen 

QO, 

Inhibition of 
Inhibition of 






•c 


jd r 'ti 
•1- ^ 




.£ ^ .2 


2 ^ 
<0 tq 


2 a 


£ 

S IS, 



142 


M. O. BSVAO, Rirra A. SICEU.BDSON, AND MNN HBNBT 


I 


< 

! 

Yeast 

extract 


Buffer 
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In another ei^riment (table 3) a strain which had been rendered resistant 
to sulfonamides was used. Measurements were made at intervals of one and two 
hours for a period of 10 hours. It was hoped to find whether or not there was any 
inhibition of respiration and growth at the very beginning. It can be seen that 
during the first 1-hour period the weight of cocci was increased from 2- to 3-fold 
(anaerobic and aerobic). At the end of the 10-hour period it had increased 
from 6- to 10-fold. Sulfanilamide exercised no inhibitory effect on the respira- 
tion and growth throughout the whole period. A measurable degree of inhibi- 
tion, observed under anaerobic conditions, was practically abolished toward the 
end of the 10-hour period. 


TABLE 3 

Compariton of the hourly effect of eulfanilatnide (SA) on the aerobic and anaerobic reepiralion 
and growth of Staphylococcue aureus resistant to sulfonamides 


AEXOBIC sesfuatiom and oiowtb 


Period 

Wt. of 
staphy- 
lococci : 
control 

QO* 

control 

1 

Inhibition by 0.04 m 
SA 


0, 

Growth 

hour 

m 

mm* 

per cent 

per cent 

0 

0.39 




1 

1.105 

256 

2 

12 

2 

1.852 

164 

11 

7 

3 

2.600 

120 

0 

0 

5 

2.795 

107 

7 

14 

7i 

3.055 

88 

3 

4 

10 

3.055 

78 

3 

5 


ANAXSOBIC SESPIXATION AND CKOWIB 


Period 

wt. of 
staphy- 
lococci; 
control 

QCO* 

control 

Inhibition by 0.04 ir 
SA 


COt 

Growth 

hour 

mg 

mm* 

per cent 

per cent 

0 

0.293 




1 

0.520 

258 

32 

0 

2 

0.910 

262 

26 I 

14 

3 

1.300 

246 

24 

15 

4 

1.918 

236 

17 

34(?) 

5 

1.983 

193 

13 

16 

6 

1.983 

167 

3 

8 


Reaction Systems: Aerobic: 2.6 ml of normal horse serum containing 2.6 mg of yeast 
extract -h 10 mg of glucose and 0.2 ml of staphylococcal suspension in m/30 phosphate of 
pH 7.4. Anaerobic: Same as in aerobic experiments but containing 0.2 ml of 1 MNaHCOt 
in an atmosphere of 95 per cent N 4* 5 per cent CO*. 

The staphylococcal suspension was prepared from a 16-hour extract broth (glucose ab- 
sent) culture seeded with a pin-point inoculum from an 8-hour culture on extract agar 
(glucose absent). 


If the production of p-aminobenzoic acid is responsible for the absence of in- 
hibition, it is to be expected that there should be a decided difference between 
the inhibiting effects exercised by sulfanilamide at the beginning and at the end 
of the 10-hour period, for the amount of p-aminobenzoic acid, produced during 
growth, will be markedly smaller during the initial than during the final period. 
The production of p-aminobenzoic acid, for which there is as yet no rigid evidence, 
could not therefore account for the resistance of staphylococci to sulfonamides 
under these conditions. 

Inhibition by sulfanilamide and sulfathiazole of the growth of ten strains of 
staphylococcus in vitamin-free casein hydrolyzate, and absence of inhibition in 60 
per cerU serum medium. (Experimental results from a study by Sevag and Green, 
1944a, 1944b.) The results presented in table 4 show that the growth of all nine 
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strains of Staphyloeocciu aureus in vitamin-free casein hydrolsrzate (SMACO) 
is inhibited. In the presence of serum protdns these inhibitions are ei^er 
abolished or reduced to a negligible degree. The results d pH measurements, at 
the end of the growth period, show that slight variations in pH cannot accoimt 
for the absence or presence of the inhibition of growth in these media. In 
correlating these results with the inefficacy of sulfonamides in clinical tests, o^y 
the results obtained in experiments with serum are of significance. 

TABLE 4 


Inhibition by aulfonamidet of the growth in casein hydrolysate (vitamin-free) and absence of 
inhibition of the growth in serum-glucose mixture of the various strains 
of Staphylococcus (Si-hour period) 


8T1AINS Of 8. ATnSXTS 

CASBXN KYD&OLYEATXf 1 PBX CENT 

HOE8I 8EEUM, 50 
PEE CENT 

Without glucose 

Glucose, 0.5 per cent 

Glucose, 0.5 per cent 

Con- 

trol 

% Inhibition 
by 

Con- 

trol 

% Inhibition 
by 1 

Con- 
trol ] 

% Inhibition 
by 

Growth 

z 

o j 
< 

CO 

N 1 

d 

Growth 

N 

z 

d 

< 

CO 

ST 0.0066 m 

5 

1 

o 


ST 0.0066 m 

Resistant (R, Finland) 

73* 

28 

31 

96 

0 

31 

66 

0 

16 

Susceptible (S. Finland) 

71 

36 

42 

86 

16 

41 

66 

6 

3 

Rose 

87 

43 

43 

91 

26 

44 

62 

3 

8 

P. G. H 

64 

18 

6 

81 

60 

63 

66 

31 

1 

P 78 

66 

40 

40 

98 

46 

63 

60 

16 

15 

B-615 

42 

24 

36 

86 

23 

67 

62 

20 

16 

B-515a 

64 

1 9 

-16 

123 

46 

49 

64 

17 

15 

B-S23 

44 

46 

46 

28 

67 

60 

61 

7 

9 

B.523a 

67 

20 

21 

112 

27 

37 

68 

11 

11 

S, albus 

29 

13 

13 

29 

10 

31 

36 

16 

3 

pH of the culture fluid after 24 hr 










growthf 

7.33- 

eo 

7.18- 

4.90- 

5.68- 

6.0- 

6.0- 

6.14- 

6.28- 


1 7.90 

7.68 

7.42 

6.69 

7.01 

6.92 

6.40 

6.66 

6.62 


* Readings in growth colunan represent photoelectric colorimetric (Klett-Summerson) 
turbidities obtained with 3 ml culture diluted to 10 ml in a standard tube. 

t All 10 strains of Staphylococcus showed the same pH under the above conditions. 


DISCUSSION 

It is known that sulfanilamide is an effective chemotherapeutic agent against 
Streptococcus pyogenes. In contrast, it is comparatively ineffective against in- 
fections with pneumococcus and Staphylococcus aureus. It is also known that in 
contrast to paro-aminobenzenesulfonamide (sulfanilamide), meta- and ortho~ 
aminobenzenesulfonamides are chemotherapeutically ineffective. In in vitro 
studies, dealing with the mode of action of sulfonamides in relation to their 
efficacy in infectious diseases, the results must account for these differences. 
This necessitates the ccmsideration of tiie role of some of the components of the 
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in vivo environment on the action of drugs on bacteria. Of these components, 
the effects of serum proteins, metabolites, protein degradation products, and 
vitamins and coenzymes must play important roles. In synthetic media, or in 
simple casein hydrolyzate, these factors are absent. It would, therefore, be 
expected that the infectious agents should be more susceptible to the action of the 
drugs in simple media than in media containing serum fractions, or vitamins, or 
both. 

A previous study (Sevag and Shelburne, 1942a) conceming the inhibitory effect 
of sulfanilamide on respiration and growth in a mixture of yeast extract and whole 
serum showed that inhibition of respiration resulted in a proportional inhibition 
of growth. On the basis of this and similar studies the authors called attention 
to the fact that sulfonamide action involves blocking of bacterial respiratory 
enzymes. The results with streptococci correlate with the clinical action of the 
drug. The question arises as to why the same drug is ineffective against pneumo- 
cocci and staphylococci. The results show that, in the absence of serum, but in 
the presence of yeast extract, para-, meta-, or^/io-aminobenzenesulfonamides, and 
p-aminobenzoic acid exercised strong inhibitions on pneumococci. In contrast, 
in the presence of 27 per cent serum, the inhibitions were not only abolished, but 
there was an increase of from 24 to 49 per cent in respiration. These results are 
in harmony with clinical studies by which the ineflBcacy of these substances have 
been demonstrated. 

The results of the present study also show that these drugs do not exercise any 
inhibitory effect on the respiration and growth of staphylococci in buffer, or yeast 
extract, or in yeast extract and serum. These results likewise are in agreement 
with clinical observations. The inability of these substances to inhibit the 
physiological activities of staphylococci is not due to the presence of p-amino- 
benzoic acid (Sevag and Green, 1944a). There is as yet no rigid evidence that 
these bacteria elaborate or require p-aminobenzoic acid. The results of an 
experiment involving hourly measurement of respiration and growth also showed 
no effect by sulfonamides. If the accumulation of p-aminobenzoic acid had 
been responsible for the absence of inhibition, it could have been expected that 
the drugs would have exercised a marked inhibition during the early hours of 
respiration and growth. No such effect was observed. 

The results reported show that in the absence of inhibition of respiratory en- 
zymes the drugs fail to inhibit growth. That is, the inliibition of respiratory 
enzymes can bring out the true sulfonamide activity, provided experiments are 
planned in the liglit of these considerations. Wyss, Strandskov, and Schmelkes 
(1942) in a study with certain strains of Streptococcus pyogenes, Staphylococcus 
aureus, and Escherichia coli could not observe any differences between the degrees 
of inhibition exercised by para-, meta-, and orfAo-aminobenzenesulfonamides. 
In this report, they likewise could not demonstrate a difference between sulfon- 
amide-resistant and sulfonamide-susceptible strains. These investigators used 
a simple salt mixture contaming glucose as the reaction system. The reason for 
this result is no doubt the failure to take into consideration certain basic factors 
which operate in more complex environments in which the specificities of the 
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drugs are tested. Our findings, which are more in agreement with clinical 
observations, are not in agreement with the conclusions of Wyss et al. 

Our observations would appear to show that the affinity of the respiratory 
enzyme-proteins of staphylococci for sulfonamides is readily overcome by 
environments containing vitamins, coenz 3 rmes, and serum proteins. This is 
demonstrated by a comparative study of the effect of sulfanilamide and sul- 
fathiazole on the growth of 10 strains of staphylococci in vitamin-free (SMACO) 
casein hydrolyzate, and in the medium containing dialyzed serum. The growth 
in casein hydrolyzate was markedly inhibited by both drugs, with the exception 
of the growth of Staphylococcus alhus. In the presence of dialyzed serum, on 
the other hand, the inhibitions were either abolished or markedly reduced. 
These findings show that scrum proteins combine with sulfonamides and thereby 
protect staphylococci. The competition exercised among the drugs, serum pro- 
teins, and bacterial enzymes are presented schematically in part A, article III, 
of this series of papers. These observations are in agreement with clinical re- 
sults. 

In addition to serum proteins, the metabolism of staphylococci in a medium 
containing riboflavin, pantothenic acid, and tryptophane plays an important role 
in antagonizing the complete inhibition of growth by sulfathiazole (Sevag and 
Green, 1944b). 

In connection with this discussion and a comparison of the absence of inhibi- 
tion of the oxygen consumption (table 2) with the inhibition of growth in casein 
hydrolyzate alone (table 4) by sulfonamides, one must also keep in mind the fact 
that, in experiments which attempt to demonstrate the relation of inhibition of 
respiratory enzymes and of growth, measurement of the inhibition of oxygen is 
not always adequate. After all, oxygen is one of numerous hydrogen acceptors 
functioning in the metabolism of bacteria. If the organism can utilize amino 
acids advantageously in a manner not involving the participation of oxygen as 
hydrogen acceptor, inhibition of the respiratory enzymes involved in the an- 
aerobic metabolism must be measured by another suitable quantitative method. 

SUMMARY 

Para-, meta-, or^/io-aminobenzenesulfonamides, and para-aminobenzoic acid 
inhibited the respiration and growth of pneumococcus type I, when measured 
in glucose and yeast extract medium. These inhibitions were either markedly 
reduced, or abolished, when the system contained serum proteins. 

These substances did not inliibit either respiration or growth of staphylococcal 
strains in media containing (a) buffer mixture and glucose; (b) glucose and yeast 
extract; and (c) glucose and serum with or without yeast extract. 

Sulfanilamide and sulfathiazole inliibited the growth of staphylococcal strains 
in vitamin-free casein hydrolyzate. These inhibitions were either abolished or 
markedly reduced when serum was also included in the medium. 

These observations are in agreement with clinical results with respect to the 
inefficacy of the above-mentioned drugs. They indicate that serum proteins 
compete with bacterial enz 3 nnes for these drugs. In this respect, results of 
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studies on the inhibition of respiratory enzsmaes and growth by sulfonamides ap- 
pear to be in agreement. 
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Early investigators apparently concluded on the basis of studies of a limited 
number of compounds that slight alterations or substitutions in the N^ position 
of sulfanilamide would reduce or inactivate completely the effects of the com- 
pounds against bacteria, both in vitro and in vivo. Subsequent studies therefore 
involved almost entirely a consideration of compounds in which additions were 
made in the N* position of the molecule. Substitution in the latter position by 
heterocyclic groups has resulted in the preparation of many commonly known 
sulfonamides, such as sulfapyridine, sulfathiazole, and sulfadiazine. 

Miller et al. (1940) synthesized and tested the chemotherapeut ic valu e of a series 

of sulfonamide compounds of the general tyqxjs, H 2 N(CH 2 )m — ^ — (CH 2 )n- 

SO 2 NH 2 and H 2 N (CH2)xS 02NH2. On the basis of their findings, they concluded 
that separation of either the amino group or the sulfanilamide group from the 
benzene nucleus or the substitution of an aliphatic residue for the benzene nucleus 
in the sulfanilamide structure resulted in compounds which were of little signifi- 
cant value as chemotherapeutic agents in experimentally induced streptococcal 
infections in mice. Included among the various compounds tested by Miller 
and his co-workers were p-03-aminoethyl)-benzenesulfonamide and p-amino- 
methylbenzenesulfonamide. 

Klarer (1941), working independently of this group, described also a series of 
sulfonamides, among which was p-aminomcthylbenzenesulfonamide in which 
the 4-amino group is bound to the tenzene nucleus through an aliphatic residue. 
He noted that while removal of the amino group from the benzene nucleus re- 
sulted in a lowering of activity against streptococcal infections, the activity in- 
creased against certain anaerobic bacteria. Therefore, the author concluded that 
the amino group bound to the nucleus formerly considered necessary for the ac- 
tion of sulfonamides can accordingly be replaced by an amino group in the side 
chain, whereby new compounds active specifically against anaerobic bacteria 
may be obtained. 

Since 1941, p-aminomethylbenzenesulfonamide, in combination with prontosil 
and sulfanilamide (1:9 and 1:1 respectively), has been available commercially 
abroad. Beyer (1941) employed p-aminomethylbenzenesulfonamide-sulfanil- 

* “Sulfamylon” is the trade name for p-aminomethylbenzenesulfonamide. The drug 
has also been known abroad as “marfanil” and “mesudin,” and in this country as “homo- 
sulfanilamide.” 

• Presented in part at the 46th Annual Meeting of the Society of American Bacteriolo- 
gists, New York City, May 3, 1944. 
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amide powders in a proportion of 1:9 in fresh wounds as a prophylactic and in 
infected wounds as an antiseptic, and found healing to progress with surprising 
rapidity. No harmful effects from use of the powder were observed. Bacterio- 
logical examination showed that p-aminomethylbenzenesulfonamide, applied 
to wounds infected with streptococci, resulted in a complete disappearance of the 
organisms within four days. On the basis of these findings, Beyer concluded that 
p-aminomethylbenzenesulfonamide is a valuable adjunct to surgical measures 
in the treatment of wounds. 

In a series of investigations on the treatment of gas edema infections using 
sulfonamides, Domagk (1942) found p-aminomethylbenzenesulfonamide to be 
the most active compound studied. In experiments with pararauschbrand bacil- 
lus (**Vibrion septique^^) over 80 per cent of the animals treated with p-amino- 
methylbenzenesulfonamide survived as compared with 20 per cent of the animals 
treated with sulfanilamide and 35 per cent with uliron C (N*^ sulfanUyl sulfanil- 
amide). The superiority of p-aminomethylbenzenesulfonamide over other 
sulfonamides was also demonstrated in vitro. Domagk, furthermore, described 
the use of the preparation in gaseous wound infections in man. 

McKee et al. (1943), comparing the relative in vitro effects of several sulfon- 
amides, noted that p-aminomethylbenzenesulfonamide was considerably more 
active than sulfanilamide, sulfathiazole, and sulfadiazine against a sulfonamide- 
fast strain of Clostridium welchii. These workers confirmed the early observation 
of Schreus (1942) that p-aminomethylbenzenesulfonamide is not inhibited by 
p-aminobenzoic acid. 

Clark (1943) found that sulfanilamide and sulfathiazole were more active than 
p-aminomethylbenzcnesuKonamide in vitro against Escherichia coli, Pseudomonas 
aeruginosa, Proteus vulgaris, and Staphylococcus aureus. However, high con- 
centrations of the latter compound proved to be more effective than sulfathiazole 
against a sulfonamide-resistant strain of Staphylococcus aureus. 

The significance of having a suitable drug for the local treatment of war- 
wound infections caused by the gas-gangrene group of anaerobic bacteria would 
appear at this time to merit further studies on derivatives of the compound men- 
tioned. In the present communication is presented a series of in vitro studies on 
the action of several derivatives of p-aminomethylbenzenesulfonamide against 
a number of anaerobic bacteria, several of which are associated Avith gas-gangrene 
infections. Beta hemolytic streptococcus C-203, types I, II, and III pneumo- 
cocci, a viridans streptococcus. Streptococcus faecalis, Staphylococcus aureus, and 
Pseudomonas aeruginosa were also studied. The compounds included the 
hydrochlorides of p-aminomethylbenzenesulfonamide, p-(Q:-aminoethyl)-benzene- 
sulfonamidc, and p-(/3-aminocthyl)-benzenesulfonamide; and the sulfosalicylate, 
mandelate, and methane-bis (2-hydroxy-3-naphthoate) salts of the drug. The 
antibacterial effects of these compounds were compared with those of sodium 
sulfathiazole and sodium sulfadiazine. Included in this report are the results 
of studies in which the various sulfonamides were tested in the presence of p- 
aminobenzoic acid and p-aminomethylbenzoic acid. The latter is an analogue 
of p-aminobenzoic acid which also contains the same p-aminomethyl group 
present in p-aminomethylbenzenesulfonamide. 
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1. Effects of compounds against anaerobic bacteria. Increasing dilutions of the 
compounds were made in Brewer’s thioglycollate (anaerobic) medium (1940) 
to give drug concentrations of 1:100 down to and including 1:800. The com- 
pounds showing an antibacterial effect in this dilution range were tested further 
in serial dilutions of 1 : 1 ,000 up to and including 1 : 64,000. The drug-broth solu- 
tions were distributed in 10-ml amounts in cotton-plugged test tubes and 
sterilized by autoclaving at 10 pounds for 10 minutes. Upon cooling, to each 
series of drug-broth tubes and control medium lacking a drug was added one 
4-mm loopful of an undiluted 21:-hour thioglycollate medium culture of 
an anaerobe. The inoculated tubes were placed at 37 C to incubate and exam- 
ined for the presence of visible growth at the end of 24, 48, and 72 hours. Lack 
of growth in the tubes at the end of 24 hours was taken as evidence of a bacterio- 
static effect of the drug against the test organism. Tubes showing no growth 
at the end of 72 hours were tested for the presence of viable organisms by trans- 
ferring three 4-mm loopfuls of the test solution to a tube of sterile thioglycollate 
medium. Failure of growth to appear in the subculture tube was assumed to 
indicate a bactericidal action on the part of the sulfonamide in the original test 
mixture. 

The data on the antibacterial effects of the several p-aminomethylbenzene- 
sulfonamide derh’^atives, sodium sulfathiazole, and sodium sulfadiazine against 
certain anaerobic bacteria, which have been maintained in laboratory media 
for a number of years (from Dr. M. H. Soule), are presented in tables 1 and 2. 
It may be observed that, in general, sulfosalicylate, mandelate, and methane- 
bis(2-hydroxy-3-naphthoatc) salts of p-aminomethylbenzenesulfonamide are 
similar in activity to tlie hydrochloride in inhibiting and destroying the test 
organisms. Under like experimental conditions, sodium sulfathiazole and 
sodium sulfadiazine failed to show evidence of complete bacteriostasis at the end 
of 24 hours in the highest concentrations tested. 

It is of some interest to note that although the 7>-(a-aminoethyl)-benzene- 
suKonamide derivative showed evidence of an antibacterial action against the 
various organisms, this same effect was entirely lacking when the p-(i3-amino- 
ethyl)-benzenesulfonamide analogue of p-aminomethylbenzenesulfonamide was 
used. This would indicate that removal of the amino group from the position 
adjacent to the benzene nucleus to the /^-position in the ethyl residue results in a 
marked decrease or a complete absence of an antibacterial effect of the compound 
in viiro. The structural formulae of the two ethyl analogues of p-aminomethyl- 
benzenesulfonamide are indicated as follows: 


H»NCna< (^ ^ SOaNHa 


p-aminomethylbenzene- 

sulfonamide 


CH 

I 

HjNCH 


<o 


S02NH 


2 


p-(«-airunoethyl)-benzene- 

sulfonamide 


H,NCH2CH2< ^^ ) >S02NH2 

p- (p-aminoethy l)-benzenesulf onamide 
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TABLE 1 


Highest dilution of compound showing antibacterial effect against several strains of 

anaerobic bacteria 


COMPOUND 

C. WELCHII 

C. HISTOLYTICUM 

C. OEDEMATIENS 

C. SEPTICUM 

Bs 

Be 

Bs 

Be 

Bs 

Be 

Bs 

Be 

p-Aminomethyl-benzencsul- 
fonamide hydrochloride. 

32,000 

16,000 

64,000 

400| 

64,000 

400 

64,000> 

8,000 

p~ (a-aminoethyl ) -benzenesul- 
fonamide hydrochloride — 

8,000 

2,000 

32,000 

200 

32,000 

100 

64,000 

100 

p- (/3-aminoethyl ) -benzenesul- 
fonamide hydrochloride — 

<100 

<100 

<100 

<100 

<100 

<100 

<100 

<100 

p-Aminomethylbenzenesulfona- 
mide sulfosalicylate 

16,000 

16,000 

32,000 

400 

64,000 

2,000 

4,000 

400 

p-Aminomethylbenzenesulfona- 
mide mandelate ... 

8,000 

8,000 

64,000 

32,000 

64,000 

2,000 

64,000> 

2,000 

p-Aminomethylbenzenesulfona- 
mide mcthane-bis(2-hydroxy- 
3-naphthoate) 

16,000 

8,000 

64,000> 

800 

64,000> 

1,000 

16,000 

1,000 

Sodium sulfathiazole 

<100 

<100 

<100 

<100 

<100 

<100 

<100 

<100 

Sodium sulfadiazine 

<100 

<100 

<100 

<100 

<100 

<100 

<100 

<100 


Bs = Bacteriostatic; Be = Bactericidal. 

Figures preceded by < indicate highest drug concentration tested (1:100) proved 
ineffective. 

Figures followed by > indicate lowest drug concentration tested (1:64,000) proved 
effective. 


TABLE 2 


Highest dilution of compound showing antibacterial effect against several strains 

of anaerobic bacteria 


COMPOUND 

C. NOVYI 

C. TETANI 

r. CHAUVEI 

C. BOTULINUM 

Bs 1 

Be 

Bs 

Be 

Bs 

Be 

Bs 

Be 

p-Aminomethyl-benzenesulfona- 
mide hydrochloride . . 

64,000> 

32,000 

64,000> 

8,000 

32,000 

4,000 

64,000> 

8,000 

p- (a-aminoethyl ) -benzenesulf on- 
amide hydrochloride . . 

32,000 

400 

32,000 

400 

800 

200 

800 

100 

p- 03-aminoethyl) -benzenesul- 
fonamide hydrochloride . . 

<100 

<100 

<100 

<100 

<100 

<100 

<100 

<100 

p-Aminomethylbenzenesulfona- 
mide sulfosalicylate 

16,000 

2,000 

64,000 

8,000 

4,000 

400 

4,000 

100 

p-Aminomethylbenzenesulfona- 
mide mandelate 

j 

64,000> 

32,000 

32,000 

[8,000 

32,000 

2,000 

64,000> 

2,000 

p-Aminomethylbenzenesulfona- 
mide methane-bis(2-hydroxy- 
3-naphthoate) 

32,000 

8,000 

64,000 

400 

8,000 

2,000 

16,000 

200 

Sodium sulfathiazole 

<100 

<100 

<100 

<100 

<100 

<100 

<100 

<100 

Sodium sulfadiazine 

<100 

<100 

<100 

<100 

<100 

<100 

<100 

<100 


See below table 1. 
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In studies using several strains of anaerobes obtained from Major Champ 
Lyons, which were recently isolated from war-wound infections, p-aminomethyl- 
benzenesulfonamide hydrochloride proved to be bactericidal ioClostridium welchii 
in dilutions of 1:2,000 to 1:4,000 and to C. ieiani in dilutions of 1:8,000 to 
1:16,000. Under the same experimental conditions sodium sulfathiazole and 
sodium sulfadiazine gave but a suggestion of an antibacterial effect against the 
organisms in the highest concentration used (1:100). 

II. Effects of compounds against gram-positive coed. The antibacterial effects 
of the p-aminomethylbenzenesulfonamide derivatives were compared with sul- 
fathiazole and sulfadiazine against beta hemol 3 rtic streptococcus C-203, types 
I, II, and III pneumococci, a viridans streptococcus, and Streptococcus faecalis. 
Serial dilutions of the sulfonamides were made in veal infusion broth containing 
0.15 per cent glucose and bacto-peptone, and adjusted to pH 7.4. The drug- 
broth solutions were distributed in 10-ml amounts in cotton-plugged test tubes 
and sterilized at 10 pounds for 10 minutes. Upon cooling, to each tube was 
added aseptically 0.1 ml of sterile, normal horse semm and 0.2 ml of a 1:1,000 
dilution of a 24-hour culture of test organism. Following the schedule described 
before, observations were made of the incubated tubes with the necessary sub- 
cultures to determine the possible bactericidal effects of the compounds. 

The results of this study are presented in tables 3 and 4. From the data 
given in table 3, it is evident that all but one of the p-aminomethylbenzene- 
sulfonamide compounds tested showed an antibacterial effect against /3-hemolytic 
streptococcus and the pneumococci. Para-(i9-aminoethyl)-benzenesulfonamide 
again proved to be ineffective as an antibacterial agent in the highest drug con- 
centration tested, confirming in part the results obtained when testing this 
compound against anaerobic bacteria (tables 1 and 2). On the basis of molar 
equivalents the salts of p-aminomethylbcnzenesulfonamide gave comparable 
degrees of bacteriostatic and bactericidal effects against the test organisms and 
further approximated the activity of sodium sulfathiazole and sodium sulfa- 
diazine. /^ara-(a-aininoethyl)-benzenesulfonamide was somewhat less active 
than the salts, indicating that the presence of the ethyl group in the compound 
materially reduced the activity of the drug. 

The p-aminomethylbenzenesulfonamide derivatives proved to be definitely 
inhibitory, and in some instances bactericidal, to the strains of viridans strepto- 
cocci studied (table 4), The p-(/^-aminoethyl) analogue of p-aminomethyl- 
benzenesulfonamidc, sodium sulfathiazole, and sodium sulfadiazine, in the 
highest concentrations tested, were entirely ineffective against the organisms 
mentioned. Para-aminomethylbenzenesulfonamide hydrochloride, its mande- 
late, and methane-bis(2-hydroxy-3-naphthoate) salts were the only sulfonamides 
studied which gave any suggestion of an antibacterial action against the two 
strains of Streptococcus faecalis. 

III. Effects of compounds against Staphylococcus aureus and Pseudomonas 
aeruginosa. The antibacterial effects of p-aminomethylbenzenesulfonamide 
hydrochloride were compared with sodium sulfathiazole and sodium sulfadiazine 
against several strains of Staphylococcus aureus and Pseudomonas aeruginosa 
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TABLE 3 

Highest dilution of compound showing antihacterial effect against beta hemolytic streptococcus 

and pneumococci 



^-BXMOLYnC 


PNEUMOCOCCUS TYPES 


COMPOUND 

6THEPTOCOCCU8 

] 

[ 

1 

1 



Be 

Bs 

Be 

Bs 

Be 

Bs 

Be 

p-Aminomethyl-benzene* 
sulfonamide hydrochlo- 
ride 

32,000 

8,000 

32,000 

4,000 

32,000 

16,000 

32,000 

8,000 

p-(a-aminoethyl) -benzene- 1 
sulfonamide hydrochlo- 
ride 

2,000 

1,000 

4,000 

<1,000 

4,000 

2,000 

<1,000 

<1,000 

p- (i8-aminoc thy 1) -benzene - 
sulfonamide hydrochlo- 
ride 

<1,000 

<1,000 

<1,000 

<1,000 

<1,000 

<1,000 

<1,000 

<1,000 

p-Aminomethylbenzenesul- 
fonamide sulfosalicylate. . 

16,000 

4,000 

32,000 

4,000 

16,000 

4,000 

16,000 

2,000 

p-Aminome thylbenzenesul - 
fonamide mandelate , . . 

16,000 

4,000 

32,000 

, 4,000 

16,000 

8,000 

16,000 

4,000 

p- Aminome thylbenzenesul - 
fonamide methanc-bis(2- 
hydroxy-3-naphthoate). . 

16,000 

8,000 

32,000 

8,000 

32,000 

8,000 

32,000 

4,000 

Sodium sulfathiazole 

8,000 

4,000 

32,000 

4,000 

1 32,000 

8,000 

32,000 

4,000 

Sodium sulfadiazine 

2,000 

<1,000 

8,000 

1,000 

4,000 

<1,000 

16,000 

<1,000 


See below table 1. 


TABLE 4 

Highest dilution of compound showing antibacterial effect against viridans streptococci and 

Streptococcus faecalis 


1 

VIKIDANS STREPTOCOCCI 


S. FAECALIS 


COMPOUND 

74 

1454 

7080 

1 4080 


Bs 

Be 

Bs 

Be 

Bs 

Be 

Bs 

Be 

p-Aminomethyl-benzenesulfonamide hy- 
drochloride . 

16,000 

400 

8,000 

4,000 

400 

<100 

400 

<100 

p- (a-aminoethyl) -benzenesulf onami de hy- 









drochloride 

800 

<100 

1,000 

<100 

<100 

<100 

<100 

<100 

p- 03-aminoe thyl) -benzenesulf onamide hy- 









drochloride 

<100 

<100 

<100 

<100 

<100 

<100 

<100 

<100 

p-Aminome thyl benzenesulf onami de sul f o- 




I 





salicylate 

8,000 

100 

8,000 

1,000 

<100 

<100 

<100 

<100 

p-Aminome thylbenzenesulf onamide mande- 








late 

8,000 

100 

8,000 

2,000 

200 

<100 

200 

<100 

p-Aminomethylbenzcnesulfonamide me- 








thane-bis (2-hydroxy-3-naphthoate) 

8,000 

800 

8,000 

1,000 

800 

100 

800 

200 

Sodium sulfathiazole 

<100 

<100 

<100 

<100 

<100 

<100 

<100 

<100 

Sodium sulfadiazine 

1 <100 

<100 

<100 

I <100 

<100 

<100 

<100 

<100 


See below table 1. 


PARA-AMINOMBTHTLBENZENESULFONAMIDE DERIVATIVES 


165 


in the presence of Brewer’s fluid thioglycoUate medium. A 4-mm loopful 
of undiluted fluid thioglycoUate medium cultures was used as the inoculum in aU 
instances. 

The results of this study showed that a 1 per cent concentration of p-amino- 
methylbenzensulfonamide hydrochloride is bactericidal for Staphylococcus au- 
reus, while the same concentration of sodium sulfathiazole is bacteriostatic. 
Sodium sulfadiazine in the same test was entirely ineffective against the staphylo- 
cocci. The three compounds in concentrations of 1 : 200 to 1 : 400 were all equally 
effective as bacteriostatic agents against Pseudomonas aeruginosa, 

IV. Effects of p-aminobenzoic acid and p-aminomethylbenzoic acid upon p- 
aminomethylbenzenesulfonamide activity. Mention was made earlier that p- 
aminobenzoic acid failed to inhibit the action of p-aminomethylbenzenesulfon- 
amide in vitro, Schreus (1942) observed this negative effect in plate cultures of 
C, wclchii containing the acid and p-aminomethylbenzenesulfonamide, and also 
noted that the sulfonamide was active against the organism in liver peptone me- 
dium, although the latter inhibits most other sulfonamides. The inability of 
p-aminobenzoic acid to act as an antagonist to p-aminomethylbenzenesulfon- 
amide action has been confirmed by McKee et al, (1944), Clark (1944), and Do- 
magk (1944). 

In attempting to explain the possible mechanism of action of p-aminomethyl- 
benzenesulfonamide against anaerobic bacteria, Schreus, moreover, postulated 
that while p-aminobcnzoic acid is not concerned with the action of the sulfon- 
amide, the analogue of p-aminobenzoic acid, namely, p-aminomethylbenzoic 
acid, is the metabolite which is in competition with p-aminomethylbenzene- 
sulfonamide for the growth of the organisms. This would be a logical deduction 
from the Woods-Fildcs theory (1940) on the mechanism of the interfering action 
of p-aminobenzoic acid upon the antibacterial effects of the commonly known 
sulfonamides (sulfanilamide, sulfapyridine, sulfathiazole, etc.) against aerobic 
bacteria. 

The possible antagonistic actions of p-aminomethylbenzoic acid, as well as 
p-aminobenzoic acid, upon the antibacterial effects of the p-aminomethylbenzene- 
sulfonamide derivatives against C, welchii were studied by the following in 
vitro method. Serial dilutions of the compounds were made in Brewer’s thiogly- 
collate medium containing a 1:5,000 concentration of one of the benzoic acids. 
This amount of p-aminobcnzoic acid has been found to inactivate completely 
the antibacterial effects of all the commonly known sulfonamides (sulfanilamide, 
etc.). Suitable controls containing the p-aminomethylbenzenesulfonamide 
compounds without the benzoic acids, as well as the latter alone, in nutrient me- 
dium were maintained throughout the tests. Sterilization of the test solutions, 
amount of inoculum, and observation of the incubated tubes followed in detail 
the schedule given in the first section of this report. The results of a typical 
series of these tests are presented in table 5. 

It is evident from the data given in the table that neither p-aminobenzoic acid 
nor p-aminomethylbenzoic acid proved to be antagonistic to the antibacterial 
effects of p-aminomethylbenzenesulfonamide compounds against the anaerobe, 
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C. loelchu. Although not presented here, data are available which indicate that 
under the same experimental conditions results similar to those presented in table 
5 were obtained against the other anaerobic bacteria used in these investigations. 

The effects of p-aminobenzoic acid and p-aminomethylbenzoic acid upon the 
antibacterial actions of p-aminomethylbenzencsulfonamide hydrochloride against 
i 8 -hemol 3 d;ic streptococcus C-203 in an aerobic medium seemed to merit consider- 
ation. Furthermore, since an antagonistic action of p-aminomethylbenzoic 
acid to p-aminomethylbenzenesulfonamide was not demonstrated (table 5), it 
appeared worthwhile to compare the in vitro effects of the latter benzoic acid 
with p-aminobenzoic acid upon one of the commonly known sulfonamides, 
namely, sulfathiazole. Concentrations of 1 : 5,000 of the benzoic acids were 
added to veal glucose broth. These solutions, as well as broth lacking the acids, 
were used to prepare serial dilutions of p-aminomethylbenzenesulfonamide 

TABLE 5 


Effects of p-aminobenzoic acid and p-aminomethylhenzoic acid upon antibacterial actions cf 
p-aminomethylbenzenesulfonamide derivatives against Clostridium welchii 


SULFONAICIDE 

DILUTION 


^-AMINOMETHYLBENIENE SULFONAMIDE ' 

* 


p- (a-AMlNOETHYL)-BENZENESULFONAMIDS 

Control 

PAB 

1 PAMB 

Control 

1 PAB 

1 PAMB 

24 

48 

72 

s 

24 

48 

72 ! 

S 

24 

48 

72 

S 

24 

48 

72 

S 

24 

48 

72 

s 

24 1 

48 

72 

S 

1:1,000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1:2,000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

2 

+ 

1 

3 

4 


1 

1 

4 


1:4,000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

4 

4 

- 

2 

4 

4 


2 

4 

4 

- 

1:8,000 

0 

0 

0 

+ 

0 

0 

0 

0 

0 

0 

0 

0 

3 

4 

4 

— 

3 

4 

4 


4 

4 

4 


1:16,000 

0 

1 

1 

+ 

1 

1 

1 

+ 

1 

1 

1 

■f 

4 

4 

4 


4 

4 

4 

- 

4 

4 

4 


1:32,000 

1 

4 

4 

- 

1 1 

2 

4 

- 

1 

4 

4 

- 

4 

4 

4 

— 

4 

4 

4 

- 

4 

1 ^ 

4 

— 

1:64,000 

t 

2 

4 

4 

— 

3 

4 

4 

— 

3 

4 

4 

— 

4 

4 

4 


4 

4 

4 

1 

4 

4 

4 



• = The sulfonamides were used as the hydrochlorides. PAB «= p-aminobenzoic acid 
1:5,000; PAMB = p-aminomethylbenzoic acid 1:6,000 ; 0 >= no visible growth; 1 to 4 = 
slight to luxuriant growth; -f = growth in subculture tube; — •= no test made. 


hydrochloride and sodium sulfathiazole. Distribution of the test solutions and 
inoculation and incubation of the media followed in detail the foregoing proce- 
dure. The results of this study are presented in table 6 . The data given indi- 
cate that p-aminobenzoic and p-aminomethylbenzoic acids are not antagonistic 
to the antibacterial effects of p-aminomethylbenzenesulfonamidc hydrochloride 
against /3-hemolytic streptococcus in an aerobic medium. Furthermore, while 
p-aminobenzoic acid proved to neutralize completely the antibacterial effects of 
sulfathiazole against the same test organism, this antagonistic action against the 
latter sulfonamide was entirely lacking when p-aminomethylbenzoic acid was 
used. 

In the two previous tests a uniform concentration (1:5,000) of the benzoic 
acids was used in the presence of increasing dilutions of the sulfonamides. Since 
it appeared possible that higher concentrations of the acids might show evidence 
of a neutralizing action against p-aminomethylbenzenesulfonamide activity, the 
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following study was carried out. Procaine hydrochloride was included in this 
test as another sulfonamide (sulfanilamide, etc.) antagonist. The benzoic acids 
and local anesthetic were tested in molar concentrations of m/1,000, m/2,000, 
m/4,000, and m/8,000 against serial dilutions of p-aminomethylbenzenesulfona- 
mide hydrochloride. jS-hemolytic streptococcus C-203 was used as the test 
organism in veal glucose broth medium containing serum as before. 

Procaine hydrochloride and p-aminomethylbenzoic acid in all the concentra- 
tions given were found to be entirely inactive as antagonists against the antibac- 
terial effects of p-aminomethylbenzenesulfonamide hydrochloride upon the test 
organism. There was a suggestion, however, of an apparent interfering action 
of the two highest concentrations of p-aminobenzoic acid against the sulfonamide. 
In view of the complete absence of an antagonistic action by procaine hydro- 
chloride against p-aminomethylbenzenesulfonamide in the same test, it might 
be assumed that the results obtained with p-aminobenzoic acid were due to a 

TABLE 6 


Effects of p-aminohemoic acid and p-aminomethylhenzoic acid upon antibacterial actions of 
p^aminomethylbenzenesuLfonamide and sulfatkiazole against beta hemolytic streptococcus 


SntFONAtfIDE 

DILUTION 



^-AMlNOMETHYLBENZENESULrONAUlDE 




Na SULFATHIAZOLE 






Control 



PAB* 



PAMB 



Control 



PAB 



PAMB 


24 

48 

72 

s 

24 

48 

72 

S 

24 

48 

72 

s 

24 

48 

72 

S 

24 

48 

72 

S 

24 

48 

72 

S 

1:1,000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4 

4 

4 

— 

0 

0 

0 

0 

1:2,000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

> 4 

4 

4 

— 

! 0 

0 

0 

0 

1:4,000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

‘ 4 

4 

4 

— 

> 0 

0 

0 

+ 

1:8,000 

0 

0 

0 

0 

0 

0 

0 

+ 

0 

0 

0 

0 

1 

4 

4 

— 

1 4 

4 

4 

— 

0 

1 

1 ^ 


1:16,000 

0 

0 

0 

4- 

0 

1 

4 

- 

0 

0 

0 

4* 

1 

4 

4 


4 

4 

4 

— 

0 

2 

4 


1:32,000 

2 

4 

4 

— 

2 

4 

4 

— 

2 

4 

4 

-* 

2 

4 

4 


4 

4 

4 

- 

5 2 

4 

4 

- 


* Sec below tabic 5. 


growth-stimulating factor of the acid upon the organisms and not associated 
with the mechanism of action of p-aminobenzoic acid against sulfanilamide and 
related compounds. 

Evidence of the inability of p-aminomethylbenzoic acid to interfere with the 
antibacterial effects of p-aminomethylbenzenesulfonamide compounds against 
anaerobic and aerobic organisms in vitro invalidates the theory advanced by 
Schreus that the acid is an essential metabolite for bacteria. 

SUMMARY 

The sulfosalicylate, mandelate, and methane-bis(2-hydroxy-3-naphthoate) 
salts of p-aminomethylbenzenesulfonamide compare in activity with the hydro- 
chloride in inhibiting and destroying anaerobic organisms. Whereas the 
p-(a-aminoethyl) analogue of p-aminomethylbenzenesulfonamide shows some 
evidence of an antibacterial effect upon anaerobes, this same action is entirely 
lacking when p-(/9-aminoethyl)-benzenesulfonamide is used. 
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Molar equivalents of the salts of p-aminomethylbenzenesulfonamide are 
equally effective against jS-hemolytic streptococcus C-203 and pneumococci, 
liiese compounds approximate Ihe activity of sodium sulfathiazole and sodium 
sulfadiazine against the organisms mentioned. 

Pora-aminomethylbenzenesulfonamide salts are definitely inhibitory to viri- 
dans streptococci in vitro. The compounds, furthermore, give a suggestion of an 
antibacterial action against Streptococcus faecalis. Under similar experimental 
conditions sodium sulfathiazole and sodium sulfadiazine are entirely ineffective 
against these bacteria. 

Poro-aminomethylbenzenesulfonamide hydrochloride is bactericidal for 
Staphylococcus aureus, while the same concentration of sodium sulfathiazole is 
bacteriostatic and sodium sulfadiazine entirely ineffective. The three com- 
pounds were equally effective against Pseudomonas aeruginosa. 

Neither p-aminobenzoic acid nor p-aminomethylbenzoic acid, an analogue of 
the former compound which also contains the same p-aminomethyl group present 
in p-aminomethylbenzcnesulfonamide, interferes with the antibacterial action 
of p-aminomethylbenzenesulfonamide derivatives. 

These findings do not support the theory advanced by Schreus that p-ami- 
nomethylbenzoic acid is an essential metabolite for bacterial growth. 

ACKNOWLEDGMENT 

The autlior wishes to express his appreciation to Dr. E. D. Homiller and T. R. 
Lewis for making available for these studies the p-aminomethylbenzenesulfona- 
mide compounds and to Dr. A. R. Surrey for the preparation of p-aminomethyl- 
benzoic acid. 


REFERENCES 

Beter, W. 1941 Die Chemotherapie in der Hand des Chirurgen. Marfanil-Prontalbin, 
eines neues Wundantiseptikum. Zentr. Chir., 68, 1730-1738. 

Brewer, J. H. 1940 Clear liquid mediums for the “aerobic^* cultivation of anaerobes. 
J. Am. Med. Assoc., 116, 698-600. 

Clark, W. G. 1943 (Unpublished.) 

Domagk, G. 1942 Die Sulfonamid-therapie bactcricller Infectionen. Hoppe -Seyler’s 
physiol. Chem., 274, 65-65. 

Domagk, G. 1944 The mode of action of the sulphonamides. Bull. War Med., 4, 300 
(Abst,). 1943 Deut. Med. Wochschr., 69, 379-385. 

Klarer, j. 1943 The chemical constitution of marfanil (mesudin), Chem. Abstracts, 
37,5704. 1941 Klin. Wochschr., 20, 1250. 1942 Chem. Zentr., II, 1483. 

McKee, C. M,, Hamre, D. M., and Rake, G. 1943 The action of antibiotics on organisms 
producing gas gangrene. Proc. Soc. Exptl. Biol. Med., 64, 211-213. 

Miller, E., Sprague, J. M., Kissinger, L. W., and McBurnet, L. F. 1940 The prepara- 
tion of some aminosulfonamides. J. Am. Chem. Soc., 62, 2099-2103, 

Schreus, H. Th. 1942 Wirkungmechanismus von Sulfanilen bei Gasbranderregern. 
Klin. Wochschr., 30, 671-672. 

Woods, D. D., and Fildes, P. 1940 The anti-sulphanilamide activity (in vitro) of p- 
aminobenzoic acid and related compounds. Chem. Ind., 69, 133-1^. 



CORYNEBACTERIUM EQUI IN CHRONIC PNEUMONIA 
OF THE CALF 

D. FRANK HOLTMAN 

Department of Bacteriology, The University of Tennessee, Knoxville, Tennessee 
Received for publication October 7, 1944 

It has been common practice in the classification of bacteria to identify patho- 
genic species with the type of disease caused, or with the plant or animal from 
which the bacteria have been first isolated. The use of the latter scheme, of 
nomenclature is now frequently confusing, because many pathogens originally 
considered to be confined in their disease-producing activities to a single plant 
or animal species have since been found to produce natural infections in various 
unrelated species. An example is the diphtheroid bacillus isolated by Magnus- 
son (1923) in Sweden and named by him Corynebacterium equi because it was 
recovered from purulent pneumonia in foals. This organism was likewise iso- 
lated from purulent pneumonia among foals in Germany by Miessner and Wetzel 
(1923) and liiitje (1923). In 1931 it was recovered from pneumonic foals in the 
United States by Dimock and Edwards. These findings lent weight to the use 
of a specific name derived from the animal for which the organism seemed to be 
naturally infectious. However, the name C. equi now appears to be a misnomer 
in view of the fact that this diphtheroid bacterium has also been isolated from 
cervical lymph glands and pulmonary lesions of swine by Bendixen and Jepsen 
(1939) and from the submaxillarj' lymph nodes of swine by Karlson, Moses, and 
Feldman (1940). 

Some time ago the respiratory organs of a 6-month-old calf, dead of chronic 
pneumonia, were submitted to this laboratory for e.xamination. Gross observa- 
tion of cross sections of the lungs revealed marked hepatization and many small 
mucopurulent lesions approximately 3 mm in diameter, wiiich w'ere uniformly 
distributed throughout the lung tissue. The bronchi and trachea were likewise 
filled with pus, principally in the form of a mucopurulent exudate. 

Microscopic examination of stained smears of the pus revealed an enormous 
number of short rod or coccoid forms. Many of these appeared in chains and 
presented the appearance of streptococci. The cells stained gram-positively and 
measured from 1.0 to 1.6 microns in length by 0.8 to 1 .0 microns in width. 

Microscopic findings tended to create the impression that infection had prob- 
ably been induced by streptococci which had undergone dissociation. However, 
this concept was discarded following culture of the pus. Blood agar plates 
streaked with material from the lesions yielded, after 24 hours at 37 C, small, 
moist, slightly raised, nonhemolytic colonies with smooth edges. These colonies 
increased in size with continued incubation, became finely granular, and pre- 
sented an orange-pink color. The colonial growdh on the plates gave evidence 
that the bacteria had been present in the pus-filled lesions in pure culture. The 
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organism grew readily at 37 C on Difco proteose no. 3 and beef extract agars, as 
well as on blood agar. 

Nutrient broth inoculated with pure cultures obtained from plates produced 
organisms of a highly pleomorphic nature. They no longer exhibited the short 

TABLE 1 

Description of Corynehacterium equi Magnusson* 

Corynebacterium equi Magnusson (Arch. wiss. prakt, Tierheilk., 50, 22, 1923-24). 

Rods: 1.0 to 1.5 by 0.8 to 1.2 microns; occurring in exudates as coccoid forms, singly, in 
pairs and chains ; on solid media and in liquids as coccoid or elongated, often filamentous 
rods, club-shaped, striated or granular; gram -positive; nonmotile; nonsporeforming. 

Gelatin stab: No liquefaction. 

Agar colonies : Moist, slightly raised, finely granular, entire; growth occurs within 24 hours; 
increase in size with continued incubation; develop light tan, salmon to orange-pink 
or red pigment. 

Agar slant: Fairly abundant, somewhat beaded growth. 

Blood agar: No hemolysis. 

LoefiSier’s serum medium: Moderate growth; no liquefaction. 

Broth: Fairly abundant growth with uniform turbidity; pellicle absent. 

Litmus milk: No change. 

Potato slant: Scant growth; yellowish-tan pigment becoming orange after one or more 
weeks. 

Indole is not formed. 

Nitrates reduced to nitrites. 

No acid from carbohydrates. 

Aerobic. 

37 C, 

Source: Spontaneous pneumonia in foals, lymph node infections and pneumonia in swine, 

chronic p ne umonia in calves. 

♦ Descriptive information based on observations made during present investigation as 
well as on the previously published reports of others. 

rod, coccoidal, or streptococcal forms observed in the pus. Instead, the majority 
of the cells were club-shaped, elongated, or filamentous, and striated or granular. 
They were gram-positive, nonacid-fast and nonmotile. On agar, the cells were 
less elongated and some coccoidal forms were observed. 
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The organism was found to grow readily in various differential media. Nu- 
trient broth became uniformly cloudy and nitrates were reduced. No bio- 
chemical changes were observed in litmus milk, tryptone, carbohydrate media, 
lead acetate agar, LoefBer’s medium, or gelatin, although growth occurred in all 
(table 1). The organism was as susceptible to heat as are most nonsporulating 
bacteria, being destroyed at 58 C in 20 minutes. It was killed by 1 per cent 
phenol in 10 minutes, but not by full-strength chlorox in the same period of time. 

Attempts to establish the organism in mice, guinea pigs, and rabbits by intra- 
tracheal inoculation failed, even though these animals received from 0.10 to 0.25 
ml of a cloudy broth culture. One rabbit injected intradermally with 0.1 ml of 
broth culture developed within 5 days an abscess at the site of inoculation, ap- 
proximately 1 cm in diameter. Stained smears of the pus again presented the 
coccoidal and streptococcal forms observed originally in the lesions of the organs 
of the calf. On culture, however, the diphtheroidal forms were again established. 

The organism under discussion was identified as Corynebacterium equi. This 
conclusion was reached because it performed typically, both morphologically and 
in culture, according to the description of C. equi as set forth by Karlson, Moses, 
and Feldman (1940) and by Kelser and Schoening (1943). 

In view of the fact that C. equi has been proved pathogenic to swine as well as 
to the horse, and has now been isolated from an infection in a calf, it is possible 
that this organism is more frequently involved in livestock diseases than has been 
generally recognized. Hence, the limited recognition given the species in Bergey^s 
Manual of Determinative Bacteriology (1939) no longer suflBces. With the inclu- 
sion in bacterial classification of a more lengthy description of this organism, it 
might be well to consider changing the species name to one more appropriate than 
that employed at present. The writer is fully aware of the International Rules 
of Botanical Nomenclature covering changes or modifications of names and is 
opposed to frequent changes in nomenclature because of the confusion created in 
the literature. However, it seems more logical to employ a specific name for a 
pathogenic bacterium which describes or suggests the nature of the infection 
induced than to use the name of the discoverer or the host from which the species 
was first isolated. In view of the apparent unsuitability of the name, C. equiy 
it might be well to consider one such as Corynebacterium purulentus. This would 
suggest the nature of the infection induced by the species without regard to the 
animal host. 


SUMMARY 

An organism, identified as Corynebacterium equiy was isolated from purulent 
lesions in the lungs of a calf dead of chronic pneumonia of several months’ dura- 
tion. No other organism was associated with it in the lesions. The organism 
was pathogenic to the rabbit upon intradermal but not upon intratracheal inocu- 
lation. 

The suggestion is made that the present name, C. equiy be changed to one de- 
scriptive of the pathology of the disease, since the organism is infectious for other 
animals besides the horse. 
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The ability of Vibrio cholerae to digest starch was recognized very early in the 
study of this microorganism. Bitter (1886), Fermi (1890), and Wherry (1905) 
were among the first to discuss this amylolytic activity, and their observations 
have been passed on more or less unchanged. It is generally stated that V. 
cholerae rapidly digests starch with the formation of acid but not of gas. Al- 
though this statement is true enough when applied to the usual fermentation 
tube, the work reported here indicates that an adequate amount of aeration 
modifies this phenomenon considerably. 

The starch metabolism of the vibrio is not without some practical interest as 
it has frequently been proposed as a differential characteristic for rapid identifica- 
tion of carriers, tainted water supplies, etc. Gordon (1906) suggested the use of 
a medium in which the acidification of an alkaline starch medium would be indi- 
cated by the color change of litmus. Gibson (1916) and, independently, Lange 
(1916) made use of solid media in which the turbidity imparted by the starch 
would give way to a zone of clearing aroimd vibrio colonies. Kodama and 
Takeda (1922) proposed a liquid medium in which disappearance of undissolved 
starch and failure to obtain a color reaction with iodine were to be diagnostic 
criteria for the presence of the cholera vibrio in suspected inocula. The work of 
Gildemeister and Herzberg (1923) and of Nobechi (1925), however, demonstrated 
that amylolysis is insufficiently specific to be used as a differentiating charac- 
teristic. 

It is of interest, in connection with the present communication, that Lange 
(1916) stated that he was then engaged in research directed toward enrichment 
of cultures by means of aeration, which might be reported on later. Apparently, 
this was never done. 


EXPERIMENTAL 

Wherry (1905) believed that the acid derived from starch did not inhibit the 
growth of V. cholerae, as did the acid which accumulated in glucose or maltose 
media. Since the method developed at the Biochemical Research Foundation 
for the production of “Direct Vaccine” (Jennings and Linton, 1944b) is premised 
on the evasion of the deleterious effects of such acid, we investigated this claim. 

The “Salts-C-D” medium ori^ally used (Linton and Jennings, 1944) was 
subject to the limiting effect of the acid. Accordingly, we used this medium, 

* The work described in this paper was done under a contract, recommended by the Com- 
mittee on Medical Research, between the Office of Scientific Research and Development and 
the Biochemical Research Foundation of the Franklin Institute. 
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substituting 1 per cent starch for the 0.3 per cent glucose previously employed. 
The medium thus became 0.6 per cent (NH 4 )aS 04 , 0.075 per cent K2HPO4, and 
0.01 per cent MgS04 to whidh 15 ml of CD (tryptic digest of a 10 per cent suspen- 
sion of casein) and 10 grams of soluble starch per liter were added. The pH was 
adjusted to 8.0 with 25 per cent NaOH, and the medium was inoculated with a 
young culture of V. choUrae (strain 35). Vigorous aeration provided by a cloth 
bubbler of the type used in production of the BRF direct vaccine (Jennings and 
Linton, 1944c) was continued throughout the growth period. 

Starch digestion. Samples removed at intervals during growth were tested for 
starch by the addition of an equal volume of LugoPs solution. Failure to obtain 
any further starch-iodine color reactions after about 24 hours verified the de- 
polymerization of the starch. 

Growth was rapid and heavy, though the physical nature of the medium 
interfered with accurate estimation of the population. A thick persistent foam 
held great numbers of the organisms (Rahn and Richardson, 1942). As the 
starch digestion proceeded the foam subsided, but the organisms remained 
coherent and floated about in the medium as heavy gelatinous masses. On 
purely subjective grounds the growth was estimated to be equal to that obtained 
in similar circumstances with glucose. In passing it might be well to mention 
that the lack of dispersion renders the culture totally unsuitable for vaccine. 

pH changes. Contrary to expectation the pH, as recorded by means of glass 
electrodes incorporated in the culture vessel, did not decrease at any time during 
growth. Jennings and Linton (1944a) have shown that if glucose equivalent to 
that which should be released during the saccharification of the starch had been 
originally incorporated in the medium, sufficient acid would have accumulated 
to depress the pH to 5,5, thus stopping further development. In all aerated 
stanch cultures, however, the pH was found to remain constant or to rise 
slightly. 

Saccharification of the starch. Repeating the original experiment, samples 
withdrawn at intervals were also tested for the presence of reducing sugars. At 
no time was there a sufficient accumulation of glucose to bring about a positive 
reaction with Benedict’s qualitative reagent. In view of the disappearance of 
the starch and the failure of the culture to become acid this seemed somewhat 
surprising. Although it did not seem probable that sufficient energy for the 
production of the heavy crop of vibrias could be derived from degradation of the 
starch to dextrin, a test was made. No dextrin color reaction was obtained when 
iodine was added to the completed culture, and it was only by precipitating the 
alcohol-insoluble material from a much concentrated filtrate of the culture that 
even a small amount of dextrin could be demonstrated. This precipitate, taken 
up in a minimum amount of water, did indeed give a faint mahogany color with 
iodine. 

The glucose, if formed, must have been digested with considerable rapidity, 
and the usual acid residues must have been attacked as well. 

Digestion of add residue. In order to confirm the plausibility of this explana- 
tion, salts-C-D media in which the glucose was replaced by (a) 1 per cent sodium 
formate, (b) 1 per cent sodium acetate, and (c) 1 per cent sodium lactate were 
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prepared. These substrates were inoculated and aerated as usual. No growth 
was obtained in the formate medium, but the other two gave rise to satisfactory 
crops of vibrios. The acetate medium developed a culture having a turbidity 
of about 2,000 ppm of silicate, whereas the lactate culture was about twice as 
heavy, comparing favorably with the growth which is obtained when glucose is 
used. 

When these two media were inoculated and incubated without aeration, growth 
occurred as a very delicate surface film, indicating that thorough saturation with 
air is a prerequisite for digestion of the acid by-products of glucose metabolism. 

Disadvantages of the lactate substrate. Although the use of sodium lactate in 
place of glucose removed the objectionable feature of acid formation, the accumu- 
lation of sodium ion proved equally bad. Various methods of circumventing this 
difiiculty were tried, without success. Adding both glucose and sodium lactate 
to the medium did, as anticipated, result in an initial depression of the pH but 
the terminal alkalinity still approached 10 without any great increase in crop. 
Ammonium lactate, either incorporated as the syrupy compound, or formed by 
bubbling air passed over heated (NH 4 ) 2 COs through the medium to which lactic 
acid had been added, would not support growth of the vibrio unless the pH was 
maintained in the neighborhood of neutrality. This could be accomplished by 
the use of the bicarbonate-C02 balance system employed in BRF cultures (Jen- 
nings and Linton, 1944b), but the product was in no way superior to that obtained 
vdth glucose, and the growth was not so good. It is probable that under these 
conditions the vibrio is constantly supplied with sodium lactate, so that the 
ability of the organism to utilize the ammonium salt remains unproved. 

DISCUSSION 

Although it is true of the usual stagnant culture that the digestion of starch 
by V, chokrae is accompanied by accumulation of acid in the medium, the pres- 
ence of sufficient oxygen may modify this course of events. Perhaps certain 
discrepancies between the obser\"ations of different workers may be resolved by 
this fact. For example, if Gildemeister and Herzberg (1923) were using a deeper 
medium than Kodama and Takeda (1922), the failure of the former authors to 
observe bleaching of the dextrin-iodine complex as reported by the latter might 
be attribut;ed to a difference in pH. The shallow culture, receiving more air, 
would tend to be acidified more slowly, or not at all, and the final culture might 
then be sufficiently alkaline to interfere with the color reaction. It may also be 
that Wherry’s (1905) belief in the relative innocuousness of the acid derived from 
starch may have been founded on similar grounds. 

In any event, the concentration of air in the medium must be taken into ac- 
count in studying the acid production from carbohydrates, especially in cultural 
identification procedures. 


SUMMARY 

Heavy crops of Vibrio choleras may be obtained in liquid media containing 
starch as the source of energy for reproduction, without accumulation of acid 
by-products, provided that the culture is efficiently aerated. Gooa growth may 
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also be obtained when sodium lactate is used as the energy food. Neither of 
these substrates is so satisfactory as the previously described BRF medium for 
vaccine production, however. 

The failure to acidify starch media is at variance with the accepted report of 
the action of F. cholerae in such a substrate. When adequate aeration is provided 
it appears that the digestion of simple sugars outstrips the production of such 
nutrients by the saccharification of the dextrins derived from starch. Under 
these conditions the acid radicals derived from the sugar are in turn attacked and 
do not accumulate to acidify the culture. Digestion of the acetate and lactate 
radicals appears to be a liighly aerobic process which does not take place to any 
great extent so long as glucose is available. 
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The effects of traces of metallic ions on bacterial metabolism have not been 
very extensively investigated. The obstacle to research in this field is the lack 
of bacteriologically complete media which are relatively free of metallic ions. 
Adsorption methods for freeing the media from most of the metallic ions have 
been successful in producing media for studies on the effects of metallic ions on 
the metabolism of molds and yeasts. These methods have usually proved to be 
unsatisfactory for most bacteriological studies, as bacteria are more sensitive to 
small quantities of metallic ions in the medium than are either the molds or the 
yeasts. Perhaps the simplest method to overcome this obstacle is to use ex- 
tremely pure ingredients in the preparation of the medium. The purification of 
these ingredients is very laborious, and the resulting medium is often unsat- 
isfactory. 

A method that can be used for this purpose is to pass the nonionic portion of 
the me;dium over a cationic exchange material. This method has been success- 
fully used in the preparation of media low in metallic ions for studies on the 
effects of added metallic ions on the citric acid fermentation (Perlman ei al., 
1944). The following experiments will show that it can bo used to purify media 
for similar studies on bacterial metabolism. 

Best results can be obtained with such a methcxl on media containing only 
carbohydrate and purified salts. Among the organisms that will grow well on 
such media arc members of the colon-aerogenos group. Waring and Workman 
(1943a, 19431)) have included organisms of this group in their studies on the 
growth of bacteria on iron-deficient media. Recently they have reported on 
investigations concerning the effects of iron deficiency on the enzjnne systems of 
Acrobacter indologcncs (1944). 

A similar organism, Aerohacter aerogenes, was used in the following experiments. 
This organism grows well anaerobically on media consisting of carbohydrate and 
salts. Thompson (1942) and Burkholder and McVeigh (1942) have shown that 
this organism is capable of synthesizing appreciable quantities of B vitamins 
during its growth. Hence, when considering the effects of metallic ions on the 
metabolism of this organism, synthesis of B vitamins as well as apparent changes 
in fermentation mechanism should be considered. 

METHODS 

A strain of Acrobacter aerogenes, obtained from the Northern Regional Re- 
search Laboratory and designated in that collection as A. aerogenes 199, was used 

* Published with the approval of the Director of the Wisconsin Agricultural Experiment 
Station. 
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in these e:q)eriments. Stock cultures of this organism were carried on glucose 
yeast-extract agar. Inocula for the fermentations were prepared by transferring 
the organism from the stock culture tubes to test tubes containing 10 ml of me- 
dium of the same composition as the medium to be fermented. At least two 
successive transfers were made on the liquid medium with 18-hour incubation 
intervals before use as inoculum for the fermentations. The inoculum volume 
varied between 0.6 and 1 per cent of the fermentation volume. Both the fer- 


TABLE 1 

Composition of media 



inSDIUM A 

MEDIUM B 

i 

MEDIUM C 


g/L 

g/L 

g/L 

Glucose 

20 

30 

20 

Peptone 

10 

0 

0 

KH,P04 

0.6 

0.6 

0.5 

NajHPOi 

2.0 

2.0 

2.0 

MgCl, 

0.1 

0.1 

0.1 

MgS04-7H20 

0.06 

0.06 

0.06 

Urea 

3.0 

3.0 

3.0 

pH after autoclaving 

6.26 

6.10 

6.05 



lig/L 

n/L 

Trace metal analysis 




Aluminum 

* 

27.3 

8.1 

Calcium 

6,800 

88.6 

14.6 

Cadmium 

* 

3.2 

1.4 

Cobalt 

♦ 

5.6 

2.1 

Copper 

* 

1.8 

1.6 

Iron 

299 

6.4 

less than 1.0 

Lead 

* 

58.3 

3.8 

Manganese 

760 

! 30.8 

6.4 

Molybdenum 

19 

6.3 

2.2 

Zinc 

« 

31.3 

less than 1.0 


* Not determined; would be more than medium B. 


mentations and the inoculum were incubated at 30 C. All fermentations were 
48 hours in duration. 

The composition of the media used in the experiments is presented in table 1. 
In the preparation of medium C, the cp glucose was dissolved in distilled water 
and the solution passed over a bed of “zeo-karb H,” a cationic exchange material 
obtained from the Permutit Corporation, New York. This bed had a volume 
of 200 ml, and the material was operated on a hydrogen cycle (sulfuric acid). The 
solution was passed over the bed at a rate of 10 ml per minute. The reaction of 
the solution changed from pH 6.9, before the treatment, to pH 4.8 after the treat- 
ment. The urea and inorganic salts indicated in table 1, which had been re- 
crystallized at least twice, were added to the treated solution. The sources of 
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the metallic ions added to the fermentations mentioned in table 3 were: FeNH* 
(S04)2-12H80 (Fe); Al2(S04)3-36H20 (Al); CuS04-6H20 (Cu); MnS 04 - 2 H 20 
(Mn); K 2 Cr 207 (Cr); ZnS04 -71120 (Zn). These salts were all of reagent grade. 

The glassware used in the preparation of the media and containers for the 
fermentations were cleaned with dichromate cleaning solution. They were 
rinsed with distilled water at least five times to remove any traces of the cleaning 
solution. Two hundred ml of medium were placed in pyrex 500-ml Erlenmeyer 
flasks which were covered with 100-ml pyrex beakers. The medium was auto- 
claved for 30 minutes at 120 C. 

One liter of medium A and 6 liters each of medium B and medium C were 
ashed at 500 C. Two ml of concentrated sulfuric acid were added during the 
concentration of these solutions to prevent volatilization of metallic elements 
present during the ashing. The ash was dissolved in a mixture of dilute HCl 
and HCIO4 and analyzed for the following metallic elements by the indicated 
procedures. Calcium, copper, cobalt, manganese, molybdenum, and zinc were 
determined by the procedure outlined by Parks el al. (1943). The methods rec- 
ommended by Sandell were used in estimating the cadmium (1939) and lead 
(1937). Iron was determined by the dipyridyl method as modified by Kitzes 
eial. (1944). The method outlined by Cholak ct al. (1943) was used for the 
estimation of aluminum. The results of the.se analy.ses are summarized in 
table 1. 

All fermentations were conducted under anaerobic conditions. Fermentation 
products were determined by the following methods on the fermented medium. 
When ga.ses were to be determined, the carbon dioxide was absorbed in alkali and 
the remaining gas was collected over water and calculated as hydrogen. The 
carbon dioxide produced was calculated as the difference between that of the 
fermented culture and that of the uninoculated control flask. Glucose was 
determined by the method of Shaffer and Somogyi (1933). The glucose values 
were corrected for acetoin present in the samples. The Virtanen and Pulkki 
(1928) distillation method was used for the determination of the volatile acids. 
Lactic acid was extracted from the acidified fermentation liquor with ethyl 
ether, and determined by the method of Friedemann and Graeser (1933). Suc- 
cinic acid was also determined on this extract by the method of Phelps e( al. 
(1939). The 2,3-butylene glycol was determined by the method of Johnson 
(1944), and also by the “direct oxidation” method mentioned by Johnson; the 
latter on a butyl alcohol extract of a portion of the fermented medium saturated 
with potassium carbonate. After the appropriate acetoin corrections had been 
applied, the values obtained by these two methods agreed satisfactorily. Ethyl 
alcohol was determined by the method outlined by Johnson (1932). Correc- 
tions were made for the acetoin and 2,3-butylene glycol present in the samples. 
Acetoin was determined by the method of Langlykke and Peterson (1937). 

The following methods were used for the analysis of the fermented media for 
B vitamins: riboflavin by the Snell and Strong method (1939); pantothenic acid 
by the procedure of Strong (1941); biotin by the method of Shull et al. (1943); 
nicotinic acid by the procedure of Krehl (1943), and vit amin B, activity by the 
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method outlined by Luckey et ah (1944). The samples for the vitamin analyses 
were hydrolyzed by acid for the riboflavin, biotin, and nicotinic acid assays, and 
by taka-diastase for the pantothenic acid and Be assays, as is recommended by 
the respective assay methods. 


EXPERIMENTAL 

Several replicate fermentations were set up on each of the media the composi- 
tion of which is given in table 1 . A complete analysis was not made of all the 
fermentations, but the amounts of solvents and volatile acids formed as well as 
the glucose fermented were determined in all cases. The analyses presented in 
table 2 for these fermentations are typical of those obtained on the various media. 
Recording of the changes in acidity during the fermentation as measured by the 

TABLE 2 


Products of glucose fermentation by A. aerogenes on various media 



MEDIUM A 

MEDIUM B 

MEDIUM C 


mM 

mU 

mM 

Glucose fermented .... 

10.4 

28.6 

10.3 

Products (per 100 ihm fermented glucose) : 




Acetic acid 

12.8 

21.3 

3.5 

Formic acid.. .. 

8.6 

27.8 

0.01 

Lactic acid 

16.8 

7.7 

15.6 

Succinic acid 

7.4 

10.6 

10.2 

Ethyl alcohol 

79.0 

81.2 

47.8 

2,3-butylene glycol 

42,4 

41.8 

47.8 

Acetoin .... 

1.6 

1.3 1 

1.2 

Carbon dioxide 

! 139.0 

145.0 

163.0 

Hydrogen 

41.6 

67.6 

91.8 

Carbon recovery 

98.2% 

102.0% 

1 98.4% 

Oxidation-reduction index 

1.01 

0.96 

1.01 


change in pH was not possible in those fermentations reported in table 2, since 
samples could not be taken during the fermentation period. However, samples 
were taken at various intervals from similar fermentations, and in all cases on the 
three different media the reaction during the fermentations very rarely went 
above pH 6.2 and usually ranged between pH 5.6 and 6.0. 

From the analyses of these first fermentations it appeared that the distribution 
of products obtained when medium C was fermented was quite different from 
that obtained on medium A and medium B. On medium C the quantities of 
formic acid, acetic acid, and ethyl alcohol were reduced, while the amounts of 
2,.3-butylene ^ycol and lactic acid were increased. 

Since the only difference between medium B and medium C was the mAtalUc 
ion content, it seemed possible that the difference in the distribution of fermenta- 
tion products was due to the metallic ions present in medium B. Accordii^y, 
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various metallic ions were added to medium C in order to test this hypothesis. 
The amounts of various metallic ions indicated in table 3 were added to medium 
C, and the fermentations were carried out as before. The results of the analyses 
for the products of the fermentations are presented in table 3. 

TABLE 3 

The effects of added metallic ions on the growth of A. aerogenes on medium C 
A. Effect on fermentation 


ION ADDED 

QUANTITY 

GLUCOSE 

EEKMENTED 

DISTEIBUTION OP PRODUCTS* 

Ethyl 

alcohol 

2,3-butyl- 
cne glycol 

Acetoin 

Formic 

acid 

Acetic 

acid 


Mg/I 

mM 

mM 

mM 

mM 

mM 

mU 

None (flask a) 


18.1 

43.0 

42.0 

1.6 

0.1 

2.1 

(flask b) 


18.7 

44.2 

41.3 

1.4 

0.05 

4.5 

Zinc 

10 

12.6 

75.5 

43.4 

2.1 

24.5 

10.5 

Copper 

10 

11.6 

64.0 

45.5 

2.3 

17.0 

8.5 

Chromium 

10 

15.1 

63.9 

41.0 

1.6 

31.0 

20.8 

Aluminum 

10 

15.6 

59.0 

45.2 

5.0 

21.5 

6.8 

Iron 

10 

15.6 

55.8 

50.5 

1.8 

3.2 

4.3 

Iron 

20 

9.2 

60.8 

47.8 

2.6 

18.0 

7.5 

Manganese.. 

10 

14.6 

60.6 

42.8 

1.9 

16.5 

10.5 

Manganese 

20 

7.2 

86.0 

42.0 

3,9 

28.7 

18.1 


B 

Effect on vitamin 

synthesis 




ION ADDED 

QUANTITY 

i 

weight 

OF CELLS 

RIBOFLAVIN 

PANTO- 
THENIC ACID 

Brt 

BIOTIN 

NICOTINIC 

ACID 


MS/X- 

mg /ml 

t»g/ml 

fig/ml 

mug/nU 

miAg/ml 

ng/ml 

None (flask a) 


0.45 

0.18 

0.40 

4.2 

2.7 

0.59 

(flask b) 


0.47 

0.24 

0.48 

5.0 

3.1 1 

0.64 

Zinc 

10 

0.60 

0.25 

0.92 

1.6 

3.3 

0.90 

Copper 

10 

0.58 

0.18 

0.96 

2.5 

3.5 

0.59 

Chromium 

10 

0.55 

0.26 

0.88 

2.5 

5.3 

0.78 

Aluminum 

10 

0,66 

0.21 

1.00 

7.5 

3.8 

0.59 

Iron 

1 10 

0.61 

0.20 

0.56 

2.2 

2.6 

0.59 

Iron 

20 

0.47 

0.23 

0.84 

2.3 

3.5 

0.57 

Manganese 

10 

4762 

0.20 

0.60 

13.5 

3.1 

0.65 

Manganese 

20 

0,53 

0.16 

0.84 

3.7 

3.4 

0.67 


* Per 100 HIM fermented glucose. 

t As measured by S, laciis R against a standard Bo solution. This sample of Bo (crystal- 
line) was obtained from Parke, Davis and Co. 


Analysis of the fennented media of the fermentations in table 2 for B vitamins 
was inadvisable, since at the end of the 48-hour incubation period sufiBcient 
phosphoric acid was added to each fermentation to bring it to pH 2. This would 
probably cause some destruction of the pantothenic acid and the vitamin B, 
present. Those fermentations the analyses of which are presented in table 3 
were not made acid at the end of the fermentation period. Instead, aliquots 
were frozen and later analyzed for the vitamins by the methods previously men- 
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tioned. In order to obtain the approximate bacterial cell yield, an aliquot of the 
fermented medium was centrifuged. The precipitated cells were rewashed and 
recentrifuged several times. The washed cells were dried at 110 C for 8 hours 
in tared tubes. 

Vitamin analyses of the cell-free fermented media were also made. In almost 
all cases over 90 per cent of the vitamin content of the medium was in the cell-free 
portion of the medium. 

Conditions in the laboratory necessitated limiting the duration of the fermen- 
tations to 48 hours. In many cases only part of the carbohydrate had been fer- 
mented at the end of this interval. However, since all fermentations were of 
equal duration, the results should be comparable. 

DISCUSSION 

It can be seen from table 1 that the treatment of such media by passage over a 
cationic exchange material is successful in reducing the metallic content. It is 
probable that still further purification could be obtained by passing the treated 
medium over an anionic exchange material. However, even a single passage 
over the cationic exchange material as used in these experiments is sufficient to 
reduce the metallic content of the medium so that studies may be made of the 
effects of added mctalli(j ions on bacterial metabolism. With this method of 
purification it is necessary to use highly purified salts in the medium since they 
cannot be passed through the ionic exchange column, and must be added to the 
treated sugar solution. It docs not seem necessary to use water redistilled sev- 
eral times as the metallic ions present in the water will be removed on passage 
through the column. 

The cation exchange method of treatment has several advantages over methods 
such as the one used by Waring and Workman (1943a). The method used by these 
investigators removes only those metals forming chloroform-soluble or water- 
insoluble complexes with 8-hydroxyquinoline. The cation exchange method is 
less specific and Avill remove any cation present. The passage of sugar solutions 
over cation exchange materials does not seem to affect the sugar fermentation. 

A comparison of the distribution of products after the fermentations of 
medium B and medium C indicates that several marked changes have taken place. 
The quantities of volatile acids and ethyl alcohol are much reduced whereas those 
of lactic acid, 2,3-butylene glycol, and carbon dioxide are increased. ^ 

It appears from the data presented in table 3 that the various enzyme systems 
governing the dissimilation of glucose by this organism may be activated by 
several metallic ions. The addition of manganese to medium C in sufficient 
amounts to bring the level of this metallic ion up to that of medium B caused the 
fermentation to revert to ''nonnal.’^ The addition of chromium, as well as lesser 
amounts of manganese, and zinc, copper, and aluminum also caused partial rever- 
sion. 

The effects of added metallic ions on the B vitamin syntheses, as shown in table 
3, vary with each vitamin. The addition of any of the metallic ions with the 
exception of the higher concentration of iron tended to increase the cell yields. 
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Considering an increase or decrease of 50 per cent of the vitamin as compared 
witii that formed in the fermented control medium as significant, none of the 
added metallic ions affected the riboflavin synthesis. On the same basis, all of 
the added metallic ions stimulated the synthesis of pantothenic acid, especially 
aluminum. All of the added metallic ions except aluminum and the lower level 
of manganese were inhibitory to the synthesis of vitamin B# (or substances 
having B« activity) . The addition of chromium seemed to increase the synthesis 
of biotin, whereas the others had little or no effect on the synthesis of this vitamin. 
Zinc seemed to stimulate nicotinic acid synthesis, but the other metallic ions 
apparently had no effect. 

The quantities of B vitamins synthesized by a different strain of A. aerogemt 
under anaerobic conditions as reported by Thompson (1942) are about 25 per cent 
of those found in these experiments for pantothenic acid, nicotinic acid, and 
riboflavin. About twice as much biotin and vitamin B, (or substances having 
B« activity) were synthesized in his experiments as were found in these investi- 
gations. These differences may be due in part to the differences in media and 
incubation time. He used a medium containing hydrolyzed casein as well as 
added trace elements, and incubated his culture for 24 hours. 

Rodgers (1942) has studied the synthesis of riboflavin by many types of bac- 
teria. When his strain of A . aerogenes was cultured under anaerobic conditions, 
it synthesized 0.08 ng of riboflavin per ml of medium. The medium contained 
glucose, asparagine, and inorganic salts. However, in his experiments only 0.23 
mg of cells were produced per ml of medium. 

Burkholder and McVeigh (1942) have studied the B vitamin production by a 
strain of Bacterium aerogenes. The medium used for the growth of this organism 
included glucose, asparagine, tryptophane, cystine, and a trace element solution. 
The values they report for the synthesis of biotin are about equal to those reported 
in table 3. They obtained about 20 per cent as much riboflavin and 50 per cent 
as much nicotinic acid as were found in the experiments summarized in table 3. 
In their experiments only 15 per cent of the vitamins were found in the cell-free 
medium. 


SUMMARY 

The preparation of a bacteriological medium low in metallic cations has been 
accomplished by the passage of the nonionic portion of the medium over a 
cationic exchange column. 

When this purified medium was fermented by Acrohacter aerogenes, a redistri- 
bution of the fermentation products took place. The quantities of acetic acid, 
formic acid, and ethyl alcohol formed were decreased, whereas the quantities of 
lactic acid and carbon dioxide increased. 

A reversion to the “normal” fermentation was accomplished by the addition 
of manganese and chromium ions to the purified medium. The addition of zinc, 
copper, aluminum, and iron caused a partial reversion. 

When the metallic ions were added to the purified medium, they had little 
effect on the synthesis of riboflavin, biotin, and nicotinic acid by this organism. 
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The addition of manganese or aluminum at a level of 10 /ng per liter increased the 
quantity of vitamin Be (or substances having Bo activity) synthesized, but the 
same levels of copper, iron, and zinc decreased the synthesis of this vitamin. The 
addition of zinc, copper, manganese, chromium, or aluminum at a level of 10 Mg 
per liter increased the amount of pantothenic acid synthesized. 
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During the last decade there has been increased interest among microbiologists 
in assimilation by heterotrophic organisms. With the introduction by Barker 
(1936), Giesberger (1930), and Clifton (1937) of the Warburg manometric tech- 
nique for the measurement of assimilation by resting suspensions, a new estima- 
tion of the process became possible. The method used for such studies consi.sts 
of providing a “starved” suspension of organisms with a known amount of a single 
organic carbon source in the Warburg vessel, and measuring the amounts of 
oxygen uptake and carbon dioxide production during the periotl of increased 
metabolic activity following the addition of substrate. If these amounts are 
found to be less than those required for complete respiration of the organic com- 
pound and no products of incomplete oxidation are present in the medium, it is 
assumed that the remaining fraction of the compound has been synthesized into 
cell material. It is to be remembered, however, that the organisms used in such 
studies are not proliferating, and that their activities may be somewhat different 
from those of growing cultures. We have as yet almost no real knowledge of the 
steps involved in the synthesis of protoplasmic material. 

The investigations reported here were made in an attempt to compare the 
assimilation from certain compounds by Pseudomonas saccharophila (Doudoroff, 
1940) during cell multiplication with the assimilation shown by resting suspen- 
sions of the same organism. It is hoped that data on this subject will increase 
our present understanding at least of the over-all mechanism of synthesis. 

Pseudomonas saccharophila is a potentially autotrophic hydrogen bacterium, 
capable of utilizing carbon dioxide as sole carbon source. It grows readily, how- 
ever, with any of a number of organic compounds as a source of this element, and 
is strictly aerobic, incapable of fermenting sugars. Except under certain un- 
favorable conditions to be described, no known metabolic waste products other 
than COj are formed in heterotrophic metabolism, a fact which makes the organ- 
ism particularly suitable for the type of studies reported here. Previous inves- 
tigations (Doudoroff, 1940) using resting suspensions of the organism indicated 
that its efficiency of assimilation is relatively high. Furthermore, the amount 
of synthesis which it attains with different carbon sources is remarkably constant 
and to a certain extent independent of the energy content of the substrate mole- 
cule. With glucose, sucrose, maltose, trehalose, lactate, and pyruvate, approxi- 
mately two-thirds synthesis and one-third oxidation (as measured by oxygen 
consumption) take place. 

METHODS 

The general plan of the present work was to provide the bacterium with a 
known amount of an organic carbon source and, after a given period of growth, 
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to determine, by measurement of the amount of organic substrate remaining in 
the medium, how much had been utilized. From this, the weight of carbon used 
by the organism could be computed. Then, by carrying out carbon analyses on 
the bacteria, the percentage of utilized carbon actually appearing in the proto- 
plasm could be found. Thus the figures ^ven in this paper for “per cent synthe- 
sis” refer to the percentage of substrate carbon which is assimilated. 

The basic medium used for growth of the organisms contained a known amount 
of an organic carbon source in a mineral medium with the following constituents: 
m/30 KH*P04-Na*HP04 buffer at desired pH (pH 6.64 was usually employed); 
0.1 per cent NH4CI; 0.05 per cent MgS04-7Hj0; 0.005 per cent FeCl»'6HtO; 
0.0005 per cent CaClj. Organic compounds were sterilized by autoclaving in dis- 
tilled water, with the exception of sodium pyruvate, which was sterilized by filtra- 
tion. The phosphate buffer, ferric chloride solution, and a mixture of the remain- 
ing salts were autoclaved separately in order to avoid precipitation during the 
application of heat. For growth experiments, the media were placed in Erlen- 
meyer flasks in amounts such that a large surface was exposed to air (e.g., 30 ml 
in a 200-ml Erlenmeyer) and the flasks were placed on a rotary shaker to provide 
constant agitation and ample aeration of the medium during the development of 
the organisms. Except where otherwise indicated, the temperature of incubation 
was 30 C. In most cases, it w'as attempted to remove the flasks toward the end 
of the logarithmic period of development. When sugars were used as substrates, 
the amount remaining in the medium after growth was determined according to 
the method of Hassid (1937), the disaccharides being subjected to a preliminary 
acid hydrolysis. Acetic acid was measured by steam distillation and titration 
with standard base. Of the methods tried for estimation of lactic acid, that of 
Friedemann and Graeser (1933) was most satisfactory. Pyruvic acid determina- 
tions were carried out as suggested by Clift and Cook (1932; see also Elliot, Bency, 
and Baker, 1935). The bacteria on which carbon analyses were to be made were 
centrifuged, washed once in distilled water acidified with KH*P04 to remove 
carbonates, and then dried on a steam bath. Carbon determinations were carried 
out either by the dry combustion method described by Pregl (1930) using an 
MnOj-PbOj catalyst or by the wet combustion method of McCready and Hassid 
(1942), in which the Van Slyke oxidation mixture is used. In both cases, carbon 
dioxide was determined gravimetrically after absorption. Hesults with the two 
methods were found to check fairly well, and both gave 100 per cent recovery 
when used with known organic compounds. 

EXPEIUMENTAL 

Composition of the bacteria. Elemental analyses of the bacteria grown in a 
glucose medium were made by the dry combustion method for carbon and hydro- 
gen and by the Kjeldahl method for nitrogen. The following average values were 
obtained (on the basis of dry weight): carbon, 54.5 per cent; nitrogen, 11.05 per 
cent; hydrogen, 7.4 per cent; ash, 3.3 per cent. These figures are fairly com- 
parable with those obtained by Van Niel (1936) for certain purple bacteria. 
From these figures, the average reduction state oi the carbon in the bacterial pro- 
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toplasm may be computed as approximating the formula (CH 2 . 12 O). The 
nitrogen content, which is high as compared with that of many tissues, can be 
decreased very considerably by the removal of the nitrogen source from the 
medium, as will be shown later. 

Assimilaiion with different carbon sources. The average amounts of assimila- 
tion obtained from various compoimds during growth under optimal conditions, 
together with the minimal division times observed during the exponential phase 
of growth at 30 C, are presented in table 1. Obviously, the percentages of 
synthesis from different compounds by proliferating cells are not at all constant. 
Furthermore, in all cases the amount of s 3 mthesis is less than that found with 
resting cells (table 1). In experiments with resting cells oxidizing lactic acid or 

TABLE 1 

Assimilation of various substrates by resting suspensions and growing cultures of 
Pseudomonas saccharophila, 

(a) Minimum division time during the phase of exponential (logarithmic) growth at 
30 C under optimal conditions (pH, concentration of nutrients) tried. 

(b) Percentage of substrate carbon assimilated during growth under optimal conditions. 

(c) Percentage of substrate carbon assimilated by resting suspensions on the basis of 
CO 2 production (computed from Doudoroff, 1040). Figure for maltose based on correc- 
tions discussed previously. Value for pyruvate based on highest values obtained previ- 
ously and by Bernstein (1044). Acetate value from unpublished data. 

(d) Ratio of assimilation during growth to that shown by resting suspensions (b:c). 


SUBSTRATE 

(a) 

DIVISION TIME 

(b) 

PER CENT ASSIMI* | 
LATIO.V DURING | 
GROWTH 

(c) 

PER CENT ASSIMI- 
LATION BY RESTING 
SUSPENSIONS 

(d) 

RATIO b:c 

Glucose 

min 

178 ' 

54 

60 

0.90 

Maltose 

170 

49 j 

59 ! 

1 0.83 

Sucrose 

109 

49 

61 

0,80 

Trehalose 

105 

j 51 i 

61 

0.84 

Lactate. .. 

136 

i 44 ; 

61 

0.72 

Pyruvate 

152 

36 

60 

0.60 

Acetate . . . • 

196 

28 

45 i 

0.62 


glucose, Doudoroff (1940) observ^ed that carbon dioxide is produced in slight ex- 
cess of the oxygen consumed. This has been taken to indicate the formation of 
storage products which are, on the average, more reduced than carbohydrates. 
If it is assumed that the product of primary synthesis is a carbohydrate with the 
empirical formula (CH 20 )n, the extent of its formation may be computed roughly 
from the oxygen consumption by respiring cells, as has been done in the previous 
studies. For comparison with actual synthesis during growth, on the other hand, 
it was necessary to recompute the amount of assimilation by resting cells from 
the observed evolution of carbon dioxide, so that these results, too, might be ex- 
pressed on the basis of the percentage of carbon synthesized. Even with compa- 
rable methods of expression, however, it will be seen from the table that growing 
oulturos are less efficient in their over-all synthesis than resting suspensions. 
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Only with glucose, and to a lesser extent with the disaccharides, does the “growth 
synthesis” even approach the synthesis by resting suspensions. 

The utilization of disaccharides by P. scKcharophila both in growing cultures 
and with resting suspensions is somewhat unusual in that sucrose, maltose, 
and trehalose are all used more rapidly than their constituent hexoses. The 
rapid utilization of sucrose is particularly striking since fructose is attacked only 
with very great difiBculty. Recent work with enzyme preparations frmn this 
organism (Ooudorofif, Kaplan, and Hassid, 1943; Doudoroff, 1943) has shown the 
occurrence of a reversible phosphorolysis of sucrose wth the production of ^u- 
cose-l-phosphate and fructose. As these authors point out, however, this does 
not explain entirely the behavior of the bacteria with regard to this sugar or 
throw any light on their action on other disaccharides. With resting suspensions 
of the bacteria, sucrose and trehalose, though oxidized more rapidly than glucose, 
are assimilated to about the same extent as this monosaccharide. 

The postulation of a two-thirds primary s 3 Tithesis from pyruvic acid was based 
on selected experiments using the Warburg technique and depended on the 
application of certain corrections for autorespiration which were not made with 
other substrates. In practice, it has been found difficult to obtain closely re- 
producible results with this substrate, since the previous history of the bacteria, 
as well as the experimental conditions, appear to affect the efficiency of assimila- 
tion from pyruvic acid to a much greater extent than that from sugars. In 
general, the fraction assimilated was found to be less than two thirds, but, from 
a large number of experiments, Bernstein (1944) concludes that this figure repre- 
sents the maximal attainable value for the isolated process of “primary synthe- 
sis.” It should also be stated that complications are encountered in manometric 
studi^ with acetic acid as substrate. Not only does the per cent of assimilation 
appear to decrease when increasing amounts of tliis compound are given to the 
bacteria, but the pH of the medium has a striking effect on the efficiency of syn- 
thesis. At high pH values (pH 7.5 to 8.5) the rate of respiration was found to 
increase and the efficiency of synthesis to decrease progressively with increasing 
alkalinity. The figures for acetic acid utilization by resting suspensions given 
in table 1 are based on the average values obtained in experiments conducted in 
neutral or slightly acid environment. With growing organisms, the amount of 
assimilation is lower with lactate than with any of the sugars studied, still lower 
when pyruvate is used as carbon source, and lowest of all with acetate. 

Effect of iron concentration. The concentration of ferric chloride used in the 
medium had a pronounced effect on the rate of development of the cultures with 
all the substrates used. A maximum growth rate was obtained in all cases with 
about 0.0025 per cent FeCl3'6H20. With lower concentrations, not only was 
the rate of growth, but also the amount of assimilation, decreased. The effect of 
iron on both growth rate and assimilation was more pronounced with those carbon 
sources which gave rapid development (e.g., sucrose) than with substrates 
utilized more slowly (e.g., glucose). See table 2. With sucrose and trehalose, 
the iron exerted a striking effect on the course of metabolism during growth. If 
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insufficient iron was added, pyruvic acid^ was found to accumulate in the medium, 
sometimes to such an extent as to result in the death of the organisms. Thus, 
up to about one third of tiie sugar was converted into this compound when 
0.0001 per cent FeClj "OHjO or less was present. No pyruvic acid, or only traces, 
could be detected when the concentration was increased to 0.005 per cent. Ex- 
cept in those experiments where the iron concentration was so low that the 
bacteria appeared to be incapable of further activity after the pyruvic acid accu- 
mulation had reached a maximum, this compound was foimd to disappear more 
or less rapidly after the depletion of the sugar from the medium, the rate of 
disappearance depending on the amount of iron available to the organisms. No 
pyruvic acid was found under any condition in cultures using glucose, maltose, or 
lactic acid as substrates, nor could its production be shown with suspensions of 
resting cells grown in iron-deficient media and allowed to oxidize sucrose. That 
the effect ascribed to iron concentration was not due to impurities present in the 


TABLE 2 

Effect of iron concentration on aeeimilation 

Cultures grown at pH 6.64, 30 C, and harvested just before the exhaustion of substrate 


j 

SUBSTKATE 

AMOUNT OF FcCll 6HjO INITIAULY 
ADDED (IN MG PE» L) 

PEBCENTACEOF SUBSTBATE CABBOM 
ASSIMILATED 

m/75 Glucose 

5 

46 


17 

53 

] 

50 

53 

m/150 Sucrose 

5 

35 


17 

43 


60 1 

48 


ferric chloride was shown by the fact that the salt could be replaced by a highly 
purified solution of ferrous tartrate (tartrate is not oxidized by the bacterium^ 
whereas a mixture of trace elements failed to have the same effect.* On the 
other hand, the amount of iron added to the medium does not truly represent the 
amount available to the organisms, since during growth of the cultures the col- 
loidally dispersed iron compounds tend to be precipitated out. 

Effect of -pH and temperature. Although assimilation from different substrates 
by growing cultures 8hoT\'s rather vide variations, the amount from a single sub- 
strate is fairly independent of certain changes in environmental conditions. For 
example, the amount of synthesis during growth vith glucose is almost constant 
between pH 6.2 and 7.4, even though the rate of development is considerably 
lower in the alkaline range (see table 3). Furthermore, no appreciable difference 

1 Pyruvic acid was precipitated from the medium and identified as the 2,4 dinitrophenyl 
hydrasone. M.P. (uncorrected) : 2,4 dinitrophenyl hydrazone of pyruvic acid, 212.9 C; 
unknown, 213.0 C; mixed, 213.0 C. 

* The trace element mixture and ferrous tartrate solution were obtained through the 
kindness of Dr. D. I. Arnon. 
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could be detected between glucose cultures grown at room temperature, which 
showed a synthesis of 52 per cent of the carbon, and those incubated at 30 C. 

Effect of the composition of a*mosphere. Certain alterations of the atmosphere 
during growth with ^ucose affected the amount of synthesis rather markedly. 
As will be seen from table 3, neither the provision of extra carbon dioxide, nor a 
variation <A the oxygen content of the atmosphere between 6 and 20 per cent 
affected the amount of assimilation. However, removal of all carbon dioxide by 
its absorption in a cup of alkali within the culture flask resulted in a decreased 
synthesis. In view cS the now well-known role of carbon dioxide in heterotrophic 
assimilatory processes, this is hardly surprising. The most pronounced effect of 

TABLE 3 

Effect of pH, temperature and composition of the atmosphere on assimilation 
during growth with glucose 

Initial concentration of glucose, m/75 in experiment 1; m/700 in experiment 2. Free 
access of air allowed in experiment 1; while experiment 2 was carried out in closed flasks. 
Bacteria were harvested in each case before the exhaustion of either glucose or oxygen. 


EXPERIMENT 

NUMBER 

INITIAL COMPOSITION OP ATMOSPHERE 

pH 

TEMPERATURE 

PER CENT OP 
SUBSTRATE 
CARBON 
ASSIMILATED 

1 

Air 

6.64 

C 

20-22 

62 


Air 

6.2 

30 

54 


Air 

6.64 

30 

53 


Air 

7.4 

30 

51 

2 

6% Oj, 95% N, 

6.64 

30 

54 

& 

5% Oj, 5% CO,, 90% N, 

6.64 

30 

54 


20% 0,, 80% N, 

6.64 

30 

54 


20% 0,, 80% Ni, CO, removed* 

6.64 

30 

48 


20% 0,, 6% CO,, 75% N, 

6.64 

30 

54 


60% 0,, 60% N, 

6.64 

30 

40 


* CO 2 removed from atmosphere by absorption in KOH placed in a cup within the 
culture flask. In all other cases, CO 2 was allowed to accumulate in the atmosphere. 


a change in atmosphere was observed with high partial pressures of oxygen. 
Not only did the assimilation decrease as the amount of this gas present was 
increased up to 50 per cent; it was also observed that growth was entirely absent 
if as much as 80 per cent oxygen was used. In manometric experiments, resting 
suspensions were found to assimilate the same percentage of glucose in an atmos- 
phere composed entirely of oxygen as in air. It would therefore appear that the 
^‘primary synthetic ’ ^ mechanism is not affected by an excess of this gas. Further- 
more, the autorespiration of resting cells remained the same in an oxygen atmos- 
phere. Apparently, then, oxygen affects some system in the organism connected 
with growth but not with “primaiy synthesis.*’ 

Effect of availability of nitrogen source. Over a limited period of time, the lack 
of an adequate nitrogen source does not greatly affect the efficiency of assimilation, 
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as might be expected on the basis of experiments with resting cells, which are 
provided with no nitrogen source. It will be seen from table 4 that organisms 
supplied with additional sugar in the absence of ammonium chloride assimilate 
approximately the same percentage of substrate carbon as when a nitrogen source 
is present. The composition of the bacteria, however, undergoes a striking 
change in the absence of nitrogen. A decrease in the nitrogen content of the 
cells is, of course, to be expected. By analysis of the figures, it can be shown that 
the total nitrogen in this crop of organisms did not change materially, although 
there was a small loss, possibly due to experimental error. It will be noted that 
the amount of sugar used in the same peHod of time was nearly twice as great 
in the medium with NH4CI as in the nitrogen-free medium. This, of course, was 
due to the multiplication of the bacteria and the resulting increase in the total 

TABLE 4 

Effect of the availability of nitrogen source an assimilation and bacterial composition 
Two aliquots of a culture w’erc centrifuged, washed, and resuspended in medium con- 
taining m/150 glucose, buffer and all usual minerals,* but in one case without any nitrogen 
source provided, while in the other with 0.1% NH4CI. Original total carbon content of 
bacteria in each aliquot : 46.6 mg. Incubation at 29 C for 4 hours with constant agitation. 
Per cent C and N content of bacteria expressed on dry weight basis. 



WITH NH 4 CI 

WITHOUT N SOOHCE 

i 

mg sugar used ... — 

222.25 

126.2 

mg C in sugar used ... 

88.9 

50.5 

mg increase in bacterial C 

44 

22.5 

% synthesis 

49.5 

44.7 


% 

% 

N content of bacteria. . . ... ... 

11.0 

7.2 

C content of bacteria 

56 

56 


* Note: Only 6 mg of FeClr6H*0 per L was added to the suspension, since a large 
amount of iron was already present in the precipitate which was harvested with the bac- 
teria. The somewhat low amount of assimilation observed in N-containing medium may 
have been due to an insufficiency of this element. 

metabolism of the culture. The efBciency of the assimilation was actually some- 
what lower in the nitrogen-free medium. This might seem contrary to expecta- 
tions, since resting cell suspensions have been found to assimilate even greater 
quantities of substrate than growing cultures. It must be remembered, how- 
ever, that the manometric experiments are of very short duration and involve 
very small amounts of substrate. If the growth experiments had been con- 
tinued for a longer period of time, the efficiency of assimilation w’^ould un- 
doubtedly have diown an eventual decline and would have approached zero, 
for presumably the synthesis of only noimitrogenous compounds cannot 
continue indefinitely. 

Autotrophic devehpmenL As has been mentioned, P. saccharophila is a po- 
tentially autotrophic bacterium, capable of utilizing carbon dioxide as the sole 
carbon source in its nutrition. It obtains the energy necessary for the reduction 
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erf carbon dioxide to cell material by the oxidation of gaeeous hydrogen to water. 
In order to study the autotrophic assimilation, a culture of the organism was 
allowed to develop in the basic mineral medium without any added organic 
substrate, but in an atmosphere composed initially of 74.5 per cent Hj, 18 per 
cent Os, and 7.5 per cent COs. Growth was stopped before the partial pressure 
of any one of the component gases had decreased to half its original value. From 
the total uptake of gases, and from the amount and reduction state of cell material 
formed during growth under such conditions, the following over-all formulation 
for the autotrophic metabolism could be made: 

COs + 11.68 Hs + 4.81 bs (CHs.isO) + 10.62 HsO. 

It will be seen that the ratio of oxygen to COs used in the process is approximately 
4.81 to 1. This may be considered to be a very inefficient or wasteful use of 
hydrogen gas, since much lower Os 'COs ratios have been observed with other 
hydrogen bacteria (Ruhland, 1924). In unpublished studies Doudoroff found 
that different strains of hydrogen bacteria .showed Os : COs ratios ranging from 
2:1 to 5; 1 during growth. The ratio appeared to be fairly characteristic of the 
species or strain and in selected cases was found to be relatively independent of 
wide variations in the Os: COs ratio in the atmosphere. 

DISCUSSION 

In agreement with Clifton and Logan’s observations (1938) it has been found 
that, under optimal conditions, at least some substrates (e.g., glucose) are a.s- 
similated almost to the same extent on the basis of carbon by growing cultures 
as by resting cell suspensions. Yet the anabolic end products are very different 
in the two cases, as is 6ho^vn by the effect of nitrogen deficiency on cell compo.'-i- 
tion. .This suggests that the main losses of substrate carbon and the most 
wasteful dissipation of energy occurs in the initial stages of substrate breakdown, 
leading to what is commonly referred to as the “primary synthesis.” It would 
seem that the further transformations of the reserve materials into protoplasm 
need not involve any further great losses of either the anabolized carbon or of 
energy. The discrepancies in assimilation between resting and growing cells 
with pyruvate and particularly with acetate as substrates would suggest, on the 
other hand, that the formation of protoplasm does not proceed entirely from the 
products of primary synthesis but requires also the participation of the substrate. 

The effect of iron concentration on the amount of synthesis is by no means 
clear. Only with sucrose and trehalose as substrates was a deficiency of this 
element observed to have a marked influence on the course of metabolism. In 
iron-deficient media with these sugars, pyruvic acid appeared in large quantities 
during growth, but not in experiments with resting cells. Bernstein (1944) 
showed that the iron concentration in the medium, together with ihe develop- 
mental state of the culture, had a marked effect on the course of oxidation of 
dicarboxylic acids by the same organism. It is interesting that in his experiments 
pyruvic acid was found to accumulate only in resting cell suspensions and not in 
the growing cultures, and only when sufficient iron was present. 
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Pyruvic acid has also been shown to accumulate in the medium when P. sac- 
eharophila oxidizes glucose in the presence of dinitrophenol (DoudorofF, 1940). 
In suitable concentrations, this poison appears to inhibit assimilation without 
affecting materially the rate of oxygen uptake. It seems likely that the iron 
deficiency has a similar effect on the oxidation of sucrose and trehalose in that the 
later stages of oxidation, involving pyruvic acid, cannot keep pace with the pro- 
duction of this compound. Whether this is brought about primarily by a sup- 
pression of assimilation or by the overloading of the hemin system can only be a 
matter of speculation, since the two possibilities cannot at present be investigated 
separately. Bernstein’s results can also be explained by assuming that the hemin 
S 3 rstem is affected by the availability of iron during growth, but that imder the 
conditions of his experiment the rate of oxidation of fumarate to pyruvate and 
COj is more dependent on iron concentration than are the further oxidations in- 
volving pyruvate. It is conceivable that, although the mechanism of “primary 
synthesis” is the same with disaccharides as with hexoses, some later process 
necessary to growth cannot quite keep up with the rapid assimilation of disac- 
charides. This would result in a loss of efficiency and account for the somewhat 
lower values for assimilation obtained with cultures growing with the disaccha- 
rides. Furthermore, with lactic and pyruvic acids wffiich support rapid 
development, synthesis during growth under optimal conditions is even lower, 
although assimilation by resting cells is almost as great as with glucose (see 
table 1 ) . The effect of iron deficiency may then be to accentuate the discrepancy 
between catabolic and anabolic processes. This would explain the higher iron 
requirements for maximum efficiency of assimilation with the disaccharides than 
with glucose. 


SUMMABY 

In a study of the assimilation with different substrates by growing cultures of 
Pseudomonas saccharophila, it has been 8ho^vn that: 

1. Whereas synthesis during growth with some substrates (glucose) is not 
greatly different from the “primary synthesis” shown by resting cell suspensions, 
with other substrates (lactate, pyruvate, and acetate) a rather great discrepancy 
appears between the results obtained in the two types of studies. 

2. With glucose as substrate, moderate variation in the temperature of incuba- 
tion, the composition of the atmosphere, and the pH of the medium have no 
appreciable effect on the efficiency of assimilation. 

3. Complete removal of CO* decreases synthesis, as do high concentrations of 
oxygen. With very hi^ partial pressures of oxygen no growth occurs, although 
no effect of such atmospheres can be observed on the behavior of resting cell 
suspensions. 

4. An insufficiency of nitrogen docs not materially affect the percentage of 
synthesis over a limited period of time, although it brings about a striking altera- 
tion in the composition of the organisms. 

6. An insufficiency of iron in the medium results in a decreased synthesis, par- 
ticular striking with those substrates utilized more rapidly ^an glucose. 
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I^nivic acid accumulates in iron^leficient media with sucrose and treh^lose^ but 
not with the other substrates studied as carbon sources. 
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The cultural and morphological similarity of Phytomonas tum^adens and 
Alcaligenes radidbacier has been recognized for many years. Many attempts 
have been made to devise more adequate means of distinguishing |cuitures of these 
two forms without resorting to differentiation on the basis of plant infection 
studies (Conn, Wolfe, and Ford, 1940). To a lesser extent there has been 
difficulty in distinguishing strains of these two species from certain species of the 
genus Rkizobium (Hofer, 1941). The results obtained in these attempts at 
laboratory differentiation have served to emphasize the similarity of these forms 
in laboratory media and to place the final burden of identification upon the ability 
to infect a susceptible host (Hendrickson, Baldwin, and Riker, 1934). 

Inasmuch as the serological studies of Reid, Naghski, Farrell, and Haley (1942) 
have shown that several plant pathogens characterized as species of Phytomonas 
are in fact transitory adaptations of Pseudomonas fluorescens, and the studies of 
Elrod and Braun (1942) have revealed a similar relationship between certain 
other forms characterized as Phytomonas species and Pseudomonas aeruginosa, 
an examination of Phytomonas tumefaciens and Alcaligenes radidbacier was under- 
taken in an effort to determine the relationship of these two similar organisms. 

METHODS 

Cultures used. The cultures of Phytomonas tumefaciens and Alcaligenes radio- 
bactcr used in this study were obtained from the stock culture collection of the 
Division of Bacteriology, New York State Agricultural Experiment Station, 
Geneva, N.Y., through the courtesy of Dr. A. W. Hofer. These strains are ones 
with which many research workers in the fields of soil bacteriology and plant 
pathology are acquainted and have been employed by a number of these workers 
in their investigations (Hendrickson, Baldwin, and Riker, 1934; Hofer, 1941). 
The following seven strains of Alcaligenes radiobacter were used. 

Rl-la. Isolated by W. H. Wright of the University of Wisconsin in 1924. 

R3. Isolated by E. B. Fred of the University of Wisconsin in 1927. 

R3scl. Single cell isolation from culture R3. 

S36. Isolated by Lfihnis and Beijerinck in 1904. 

S192. Isolated by N. R. Smith of the U. S. D. A. in 1927. 

1000. An isolation made by F. Ldhnis, date unknown. 

ISC. Isolated by R. Hansen of the University of Illinois in 1923. 

^ Authorized for publication on September 16, 1944, as paper no. 1246 in the Journal 
Series of the Pennsylvania Agricultural Experiment Station. 

187 



188 


MAOIZJNE F. COLEUAN AND J. 3 . REID 


The strains of Phytomonas tumefousiem used were ScTSfffl and ScA-1. These 
are sin^e cell isolates made at thie University of Wisccmsin. The two strains of 
Phytomonas turntfadens and six of the sevens trains of AlcaMgenes radiobaoter are 
known as typical of their respective species. Strain S36 of Alcaligenes radiobacter, 
however, has been described by workers in other laboratories as “atypical.” 

The strains <rf the two species were tested on tomato plants to check pathogen- 
icity prior to use in this study. The tests were conducted with the organisms in 
the Dawson “M” phase as received at this laboratoiy. The strains of Phytomo- 
nas tunufaciens proved virulent for the tomato plant and the strains of Alcaligenes 
radiobacter proved noninfective. 

Media employed. Stock cultures of the organisms in the Dawson “M” phase 
were held on yeast-extract mannitol mineral-salts agar. In decapsulation at- 
tempts yeast-extract mineral-salts broth was used and similar mannitol-free 
media were employed in the culture of the organisms in the Dawson “S” phase. 

Serological techniques. Live antigen suspensions of 48-hour cultures were xised 
in rapid immunization of rabbits. Daily doses of 1.0 ml were given following an 
initial dose of 0.1 ml and injections continued until approximately 16 ml had been 
administered intravenously. Titers were determined by the use of standard 
macroscopic agglutination tests. 

Conversion of the Dawson “M” to the Dawson “S” phase of the organism was 
accomplished by daily transfer in yeast-extract mineral-salts broth containing 
10 per cent of the homologous antiserum. The conversion from “M” to “S” 
phase was observed by daily streaking on solid media, and serological examina- 
tions of isolates from the streak plates were made in the case of colonies which 
exhibited “S” characteristics, according to the method of Dawson and Sia (1931). 

Agglutinin absorption tests were performed in accordance with the method of 
Krun\wiede, Cooper, and Provost (1925). 

RESULTS 

Three of the “typical” strains of Alcaligenes radiobacter, Rl-la, 113, and R3scl, 
and the two strains of Phytomonas tumefadens, ScTSfffl and ScA-1, were selected 
for use as antigens in the “M” phase for animal immunization. The titers 
obtained with strains BSscl and ScTSfff 1 are shown in tables 1 and 2, respectively. 
Titers obtained with antisera from animals immunized with strains Rl-la and R3 
were similar to those obtained with R3scl , and antiserum obtained from an animal 
immimized with ScA-1 proved similar to that obtained from the use of ScT5fffl, 
and consequently the results obtained are not shown in tabular form. 

As shown in table 1, the six typical strains of Alcaligenes radiobacter proved to 
be similar in antigenic composition in the “M” phase. The atypical strain S36, 
on the other hand, proved serologically unlike the other six in the mucoid state. 
The serological examination effected a separation of this strain from the typical 
strains similar to that made in other laboratories on the basis of cultural tests. 
It is also to be noted from the data presented in table 1 that the strains of Phyto- 
monas tumqfaciens employed are antigenically unlike the typical strains of 
Alcaligenes radiobacter in the Dawson “M” phase and no cross ag^utination 
occurred in significant dilutions. 
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The antiserum prepared with the use of Phytomonas tumefaciem ScTSfffl 
proved almost equally effective in the a^utination of cells of the other strain of 
Phytomonas tumefadena, as shown in table 2. As would be expected from the 
results with antiserum prepared against Alcaligenes radicbacter “M” phase ceils 
(table 1), no agglutination of Alcaligenes radiobacter cells occurred in the presence 
of the Phytomonas tumefaciens “M” phase antiserum. 

Since in each case typical strains within the species proved antigenically simi- 
lar in the “M” phase, the strains which had been employed as antigens for animal 
immunization in the “M” phase were selected for further investigation in the 

TABLE 1 


Agglutination titen of antiaeruTn prepared against Alcaligenes radiobacter RSscl 

Dawson “M" phase 


CKXXS 





DILUTION 




CON- 

Q| 

too 

200 

400 

E3 




12.800 

TEOL 

A, radiobacter Rl-la 

3+ 

3+ 

4-f 

44- 

4+ 

44 

44 


4 

— 

A , radiobacter R3 

3+ 

3-i- 

34- 

44- 

44- 

44 

44 

34 

4 

- 

A, radiobacter RSscl 

3-h 

z+ 

44- 

44- 

44- 

44 

44 

24 

4 

— 

A. radiobacter S36 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

A. radiobacter S192 

2+ 

24- 

44- 

4+ 

34- 

24 

24 

4 

4 

- 

A. radiobacter 1000 

4-4" 

44- 

44- 

4-1- 

44 

44 

44 

24 

4 

— 

A. radiobacter ISC 

2+ 

24-1 

34- 

4-i- 

44 

44 

3-1- 

2-f 

4 

— 

P, tumefaciene ScTSfffl 

=b 

— 

- 

- 

— 

- 

_ 



- 

P, tumefaciens ScA-1 


— 

— 

— 

— 

1 


— 

— 

— 


TABLE 2 

Agglutination titers of antiserum prepared against Phytomonas tumefaciens ScTSfffl 

Dawson “M” phase 


CELLS 

DILUTION 

CON- 

TROL 

40 

80 

160 1 

320 

640 

1.280 

2,560 

5,120 

10,240 

A. 

radiobacter Rl-la 

db 

— 


— 

i 

— 

— 


— 

— 

A. 

radiobacter R3 

db 

— 


— 

— 

— 

— 

- 

— 

— 

A. 

radiobacter RSscl 

4 

— 

— 

— 

— 


— 


— 


P. 

tumefaciens ScTSfffl 

34 

44' 

44 

34 

44 

44 

44 

44 

24 ! 

— 

P. 

tumefaciens ScA-1 

24 

2-1-1 

34 

34 

341 

1 

34 

24 

24 1 

24 

— 


Dawson “S” phase. Removal of the capsule from the cells of Alcaligenes radio- 
bacter RSscl was first attempted and was accomplished with 19 successive 
transfers in yeast-extract mineral-salts broth containing 10 per cent homologous 
antiserum. Decapsulation of Phytomonas tumefaciens ScTSfffl was next at- 
tempted and was accomplished with little difficulty in 7 successive transfers. 
Likewise, the removal of capsular material from cells of Phytomonas tumefaciens 
ScA-1 did not prove difficult. 

With much smaller inocula than those employed in previous experiments, cells 
of Alcaligenes radiobacter Rl-la and R3 were freed of capsular material in 12 and 
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11 successive transfers, respectively. The relative stability of the “M” phase 
of AlcaUgenes radiohacter strains as contrasted with the “M” phase of Ph^tomonaa 
tum^adens strains was obvious in all attempts at conversion. 

TABLE 3 


Agglutination titers of antiaerum prepared against AlcaUgenes radiohacter RSscl 

Dawson Phase 


CELLS 

DILUTION 

CON- 

TEOL 

40 

80 

160 

320 

640 

i»280 

2,560 

5,120 

10,240 

A, radiohacter E3scl 

2+ 

3+ 

4+ 

4+ 

4+ 

4+ 

4+ 

2+ 

-- 

— 

A, radiohacter K3scl “M” 

± 

— 

— 


— 

— 

- 

- 

— 

— 

A. radiohacter Rl-la 



— 

— 

— 

— 

- 

— 

— 

— 

A. radiohacter 113 

dr 

— 

— 


- 

- 

- 

- 

- 

— 

P. tumefaciens ScTSfffl “S” 

2+ 

2+ 

4+ 

4-f 

4-1- 

4-f 

3+ 

2+ 

- 

— 

P. tumefaciens ScTfffl 

rb 

- 

- 

- 

- 

- 

- 


— 

— 

P. tumefaciens ScA-1 ‘M” 

dr 

— 

— 


— 

— 

— 

— 


— 


TABLE 4 


Agglutination titers of antiserum prepared against Phytomonas tumefaciens ScT5fffl 

Dawson “5” phase 


CELLS 

DILUTION 

CON- 

40 

80 

160 

320 

640 

1,280 

2,560 

5,120 

10,240 



TEOL 

A, radiohacter HSscl 

2+ 

± 

3+ 

4+ 

4+ 

3+ 

3+ 

4+ 

2+ 



A. radiohacter RSscl 

— I 


A. radiohacter Rl-la 









i 


A. radiohacter R3 

P. tumefaciens ScTSfffl 

P. tumefaciens ScTSfffl 

dr 

2+ 

dr 

2+ 

2+ 

3+ 

3+ 

3+ 

3-f 

2+ 

— 

- 

P. tumefaciens ScAl 

rfc 

- 


- 

- 


- 

i 

! - 

- 


TABLE 5 

Agglutination titers of antiserum prepared against AlcaUgenes radiohacter RSscl 

Dawson phase 


CELLS 

DILUTION 

CON- 


40 

80 

160 

320 

640 

1,280 

2,560 

1 5,120 

10,240 

TEOL 

A. radiohacter RSscl 


.... 



m 






A. radiohacter RSscl “M” 

4+ 

4+ 









P. tumefaciens ScTSfffl ‘*S’* 


P. tumefaciens ScTSfffl 

- 

- 



1 



HI 


H 


Following conversion of the three strains of AlcaUgenes radiohacter and the two 
strains of Phytomonas tumefaciens from the to phase, rabbits were 
rapidly immunized with these cultures in the phase. Ag^utination reactions 
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obtained with antisera prepared with the use of Akdligenes radiobacier B3scl and 
Phytomoruu ium^aciena ScT5fff 1 are shown in tables 3 and 4. The reactions ob- 
tained with antisera prepared against the other three strains did not differ from 
those shown in these tables. 

The data presented in tables 3 and 4 show that the antisera prepared against 
these strains in the “S” phase fail to agglutinate the “M” phase cells of the 
homologous strains but, on the other hand, indicate a striking serological similar- 
ity between the “S” phase cells of the two species. 

Tests of “S” phase cells against antisera prepared with “M” phase organisms 
are shown in tables 5 and 6. It is to be noted that conversion to the “S” phase 
rendered these cells inagglutinable by antiserum prepared against the homologous 
strains in the “M” phase. 

The antigenic similarity of the “S” phase cells of the two species as shown in 
tables 3 and 4 was made the subject of further study. The agglutinin absorption 
technique was employed in an examination of the “S” phase cells and the antisera 
prepared with the use of such cells. Complete reciprocal agglutinin absorption 


TABLE 6 

Agglutination iilert of antiserum prepared against Phylonumas tumefaciens ScTSfffl 

Dawson “M” phase 


CELLS 

DtLtrrioNS 

COM- 

TEOL 

40 

80 

160 

320 

640 

U80 

2,560 

5,120 

10,240 

P. tumefaciens ScTSfffl 

P. tumefaciens ScT5fffl “M** 

A. radiobacier RSscl 

A, radiobacter RSscl 

3+ 

3+ 

4+ 

4+ 

3+ 

4+ 

4+ 

4+ 

2+ 

- 


was foimd by the method of Krumwiede, Cooper, and Provost (1925) in the 
examination of these five strains and respective antisera, indicating that in the 
“S” phase these strains of Alcaligcnes radiobacter and Phytomonas tumejaciem are 
serologically identical. 


DISCUSSION 

The results obtained in the serological study of typical strains of Alcaligenes 
radiobacier and Phytomonas tumefaciens in the Dawson “M” phase are in agree- 
ment with the findings of Riker, Banfield, Wright, Keitt, and Sagen (1930). 
These workers likewise found no serological similarity between representatives of 
these two species in the “M” phase. 

A similar apparent lack of serological relationship in the “M” phase was 
shown by Harris (1940) to exist within the species Pseudomonas aeruginosa. De- 
capsulation of these dissimilar strains of P. aeruginosa by Harris, however, yielded 
“S” phase cells which, by the agglutinin absorption technique, were shown to be 
antigenically identical. The use of decapsulation and agglutinin absorption 
techniques in this study have yielded results comparable to those obtained by 
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Harris in his studies of strains of Pseudomonas aeruginosa. Although the strains 
of Akaligenes radiobacter and Phytomonas tumefadens used showed no serological 
similarity in the phase, this difference proved to exist only in the ‘M’’ 
phase, whereas antigenic identity was found to exist in the phase. 

These results suggest that the organisms recognized as Alcaligenes radiobacter 
and Phytomonas tumefadens comprise a single species and in their usual ‘‘M’' 
phase bear the same relation to each other as do the types of the pneumococcus 
to one another. 


SUMMARY 

An investigation has been made of the serological relationship of Akaligenes 
radiobacter and Phytomonas tumefadens with the use of agglutination and agglu- 
tinin absorption techniques employed in the study of typical strains in the Daw- 
son and ‘"S” phases. 

It has been found that in the strains under study Alcaligenes radiobacter and 
Phytommas tumefadens differ serologically in the ‘‘M’’ phase. The same strains 
are antigenically identical in the phase, as indicated by complete reciprocal 
agglutinin absorption. 
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New sulfonamides are usually tested against bacteria or diseases wherein the 
older drugs work satisfactorily. There seems to be little advantage in testing 
new drugs only against those bacteria in which older sulfonamides have alreadj-^ 
proved their worth. Since the older sulfonamides exert little action on diseases 
caused by some gram-negative organisms, it seemed advisable to attempt to find 
one which might prove eflScacious in treatment of t 3 T)hoid and parat 3 nphoid infec- 
tions. Four sulfonamides which were tested previously (Schweinburg and Yet- 
win, 1944) were not satisfactory so we decided to investigate the potentialities of 
sulfamethazine. 

We do not overestimate conclusions as to clinical application that may be 
drawn from test tube experiments. Althou^ some believe there is no quantita- 
tive relationship between in vitro and in vivo action (Marshall, Litchfield, White, 
Bratton, and Shepherd, 1942), other recent papers reveal a surprising parallelism 
between resistance in vitro and unsucc^sful treatment (Cohn, Steer, and Seijo, 
1942; Spink and Vivino, 1944; Winchester and Whittle, 1944). If a drug is an 
effective bactericidal and bacteriostatic agent in the test tube, it may or may not 
be effective in vivo. But it cannot be expected that a drug ineffective against a 
certain bacterium in vitro will prove successful in combating a disease caused by 
that organism. 

Two new sulfa drugs, sulfapsnrazine and sulfamethazine, are now in use, both 
apparently effective against gram-positive and gram-negative cocci. At the 
present time the output of sulfapyrazine is apparently limited and we therefore 
regret our inability to obtain it for examination upon the enteric organisms. 
The other sulfonamide, sulfamethazine (called sulphamezathine by the English), 
is dimethylsulfadiazine and consequently not only related to sulfadiazine but also 
to sulfamerazine, which is monomethylsulfadiazine. The in vitro action of sulfa- 
methazine closely resanbles that of sulfapyridine when testM against strepto- 
cocci and pneumococci (Rose, Martin, and Bevan, 1943). Clinical trials with 
boHi drugs have shown good results in dysentery but no effect against the 
Salmonella infections (Hardy and Watt, 1944). Sulfamethazine is probably the 
best of all sulfonamides in the treatment of pneumonia (Page, 1944); it appar- 
ently has some advantages over the other sulfonamides now in use (Rose, Martin, 

* Sharp and Dokme, Incorporated, of Philadelphia furnished the drup used in these 
studies. 

* Acknowledgments are made to Miss Marian Land and Miss Dorothy J. Mellen for 
technical assistance. 
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and Sevan, 1943). Successful therapeutic application has also be«i repinted in 
cases of brondiopneumonia, pneumococcic meningitis, streptococcic and rn^un- 
gococcic diseases, coli Qrsto-pyelitis, and in Shigella infections in which other 
sulfonamides are equally effective (Jemxings and Patterson, 1942; Pakenham- 
Walsh, 1943; Hardy and Watt, 1944; Page, 1944). 

Some investigators have shown tibat if one sulfonamide proves effective against 
a particular bacterium, the others will follow suit, although there may be slight 
variations of the necessary concentrations. Conversely, if one sulfonamide is 
ineffective against a certain organism, the others will also prove ineffective 
(WyBB, Grubagh, and Schmelkes, 1942). Althou^ we are in accord with this 
opinion, we found, in the test tube, marked differences in the effective concentra- 
tions of various sulfonamides on different enteric pathogens (Schweinburg and 
Yetwin, 1944). 


MATERIA1.B AND TECHNIQUE 

The three drugs compared (sulfamethazine, sulfadiazine, and sulfamerazine) 
were dissolved in sterile nutrient broth containing 0.5 per cent peptone. Clear 
solutions were obtained in concentrations as high as 2.0 per cent with a pH of 7.6, 
using heat for complete dissolution. The 2.0 per cent solution of sulfamerazine 
contained small amounts of undissolved powder at room temperature, making 
gentle heating necessary prior to use. Sulfadiazine and sulfamethazme remained 
in complete solution at the 2.0 per cent str^gth. All lower drug concentrations 
were prepared by diluting these stock solutions with appropriate amounts of 
sterile broth of the same pH. The concentrations used w’ere: 2.0 ,1.5, 1.0, 0.75, 
0.50, 0.25, 0.10, 0.050, 0.025, and 0.010 per cent. The following bacteria were 
examined: Escherichia coli, EbertheUa typhosa. Salmonella paratyphi, Salmonella 
schoUmuelleri, Salmonella var. enteritidis. Salmonella choleraesuis. Shigella dysen- 
teriae. Shigella paradysenteriae var. Flexner, Shigella paradysenteriae var. Hiss, 
and Shigella sonnei. 

Twenty-four-hour cultures were prepared on agar slants. A loopful of the 
growth was transferred into 5 ml of nutrient broth (pH 7.6) and incubated for 24 
hours. Dilutions of this growth were made in isotonic saline and standardized 
against a nephelometer so that each bacterial suspension contained 16 million 
bacteria per nal. We found that the same nephelometer could be used for differ- 
ent bacteria without making an appreciable error. We ascertained by plating 
out that the same'degree of cloudiness in tubes containing the various bacteria 
{dways meant approximately the same number of organisms. The standardized 
suspensions were diluted 1:100 with saline, and 0.1 ml (equival«it to 16,000 
bacteria) was added to 0.9 ml of the respective drug concentrations, and also to a 
tube of 0.9 ml nutrient broth serving as control. The number of bacteria chosen 
was an arbitrary one. The effect of drug concentration on bacteria seems to vary 
with the size of the inoculum (Hke and Acton, 1942) — a problem we will deal 
witii in detail in a paper to follow. After 24 hoiups the tubes were read for degree 
of cloudiness, and 0.1 ml of suitable dilutions was mixed with 10 ml of melted 
agar, plated, and counted after another 24 hours of incubation. The duratimi 
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of contact may influeoice tiie action d the drug on bacteria — a factor which will 
also be considered in the next report. 

Following the procedure outlined, we determined the bactericidal action of the 
three drugs on each of the bacteria examined. We also established the lowest 
concentration at which bacteriostasis still occurred by comparing the number of 
bacteria grown in lower drug concentrations with the number found in the broth 
control. Each drug was tested against the individual bacterium at least 10 times. 
In a few instances in which the results were not uniform from the very be^nning, 
as many as 20 experiments were performed; but in no case did the bactericidal or 
bacteriostatic titer deviate for more than one tube from the final result. The 
following protocol (table 1) is an example of the procedure followed in each 
of the 340 tests. 

TABLE 1 
Sample protocol 

Organism : Escherichia eoli Protocol : 44 

Drug: Sulfamethazine 

Tubes inoculated: 2/8/44 Plates made: 2/9/44 


TUBE 

CONCENTBAIION Of 
OKUO 

CLOUDINESS Of TUBES 

DILUTION USED 

TOTAL NUN BEK 
BACTBKIA RECOVEKED 

1 

2.0% 

Clear 

0 


0 

2 

1.5% 

Clear 

0 


0 

3 

1.0% 

Clear 

0 


0 

4 

0.76% 

Trace (?) 

0 


0 

6 

0.60% 

Trace 

1:30,000 

1.6 million 

6 

0.26% 

Trace + 

1:1 millioD 

260 

million 

7 

0.10% 

Moderate 

1:1 million 

1,200 

million 

8 

0.050% 

Moderate + 

1 : 10 million 

2,200 

million 

9 

0.025% 

Heavy 

1 : 10 million 

5,000 

million 

10 

0.010% 

Heavy 

1 : 10 million 

5,000 

million 

11 

None (control) 

Heavy 

1 : 10 million 

5,000 

million 


RESULTS AND DISCUSSION 

The results obtained from our trials are listed in table 2. They are valid for 
the number of bacteria we employed, for the applied time, for the particular 
strain of each species tested, and for the medium used. We are well aware, how- 
ever, that all conclusions drawn from these test tube experiments are of limited 
value as far as the action of sulfonsimides in a diseased organism is concerned. 
The results show that 9 of the 10 bacteria tested are destroyed in lower concentra- 
tions of sulfamethazine than of sulfadiazine or sulfamerazine. The only excep- 
tion is Shigella dysenkriae, in which both sulfadiazine and sulfamerazine act 
better, the latter being by far the most effective. In 7 of the 10 organisms, sulfa- 
methazine also exhibits the best bacteriostatic effect. Of the re maining three 
organisms, the Flexner strain is equally affected by sulfamethazine and sulfa- 
merazine, sulfadiazine being least effective. Against Eberthella typhosa, sulfadia- 
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ziae works better tlum sulfamethazme as s bacteriostatic agent; and against 
Sabnondla var. enieriUdia, sulfamerame was more ^ective in bacteriostatic 
range than sulfameibazine. 

Compared with the phthalyl derivatives reported upon earlier (Schweinburg 
and Yetwin, 1944), it is seen that the in vitro bactericidal action ctf sulfamethazine 

TABLE 2 


Bactericidal and haeterioetaiic titer of etdfonamidet on various intestinal bacteria 


OKOANISlf 

ACTION 

SULFA- 

DIAZINE 

SUIFA- 

MEXAZXNE 

8ULFA- 

METHAZIIIB 



% 

% 

% 

Bscherichia coli 

A 

1.6 

2.0 

0.76 


B 

0.10 

0.10 

0.060 

Eberthella typhosa 

A 

1.6 

2.0 

0.60 


B 

0.10 

1.0 

0,26 

Salmonella paratyphi 

A 

1.0 

2.0+ 

0.76 


B 

0.60 

1.0 

0.10 

S, echottmueUeri 

A 

1.6 

2.0 

1.0 


B 

0.60 

1.0 

0.26 

8» var. erUeritidie 

A 

1.6 

1.6 

1.0 


B 

0.60 

0.10 

0.26 

S. choleraesuis 

A 

1.6 

2.0+ 

0.76 


B 

1.0 

0.60 

0.26 

Shigella dyeenteriae 

A 

0.60 

0.10 

0.75 


1 ® 

0.060 

0.050 

0.010 

Shig. paradyaenteriae var. Flexner 

A 

1.0 

1.6 

0.76 


B 

0.60 

0.050 

0.060 

Shig. paradyaenteriae var. Hies 

A 

2.0 

2.0 

0.50 


B 

1.0 

1.0 

0.10 

Shigella sonnet 

A 

2.0 

1.5 

0.76 


B 

0.50 

0.60 

0.25 


A— bactericidal concentration (complete destruction of bacteria). 

B — bacteriostatic concentration (partial inhibition of growth as compared with control 
tube). 


is markedly superior against all bacteria tested except the Shiga and Elexner 
strains. Its superiority is most marked against Salmonella paratyphi. It is also 
more effective in the bacteriostatic range against all the bacteria tested except 
ScitnoneUa var. mteritidia and the Flexner strain. Its superiority is outstanding 
against riie two paratyphoid strains and the Hiss strain. 
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SUMMARY 

Sulfamethazine in vitro is by far a more effective bactericidal and bacterio- 
static agent than the other sulfonamides examined against Eberihella typhosa, 
Escherichia coli, and the Salmmella varieties. A similar conclusion may be 
drawn in its use against Shigella sannei and the Hiss dysentery strain. The drug 
is effective in the test tube on the typhoid-colon group in concentrations which 
would suggest that clinical application should be attempted, especially since all 
other sulfonamides offer no convincing evidence of their ability to combat cases 
of t 3 rphoid fever or of its chronic carrier state (Long, 1941 ; Cutting and Robson, 
1942; Kirby and Rantz, 1942) and of the Salmonelh infections (Bomstein and 
Strauss, 1941; Bomstein, 1943). 
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Cabdioupin— A N ew Phospholipid . Mary 
C. Pangbom, Division of Laboratories and 
Research, New York State Department of 
Health, Albany. 

The preparation and properties of cardio- 
lipin were briefly reviewed (J. Biol. Chem., 
148 . 247; 153 , 343). Chemically, the sub- 
stance may be described as a complex 
phosphatidic acid. On alkaline hydrolysis 
it yields unsaturated fatty acids, chiefly 
linoleic, and a water-soluble phosphoric acid 
that breaks down on further hydrolysis with 
acids into glycerophosphoric acid and glyc- 
erol. The original water-soluble phos- 
phorous compound is labile and difficult to 
characterize satisfactorily, and the possi- 
bility of the presence of phosphoric acids 
other than glycerophosphoric cannot yet be 
excluded. 

Cardiolipin in Macro- and Microprb- 
oiPiTATioN Tests for Syphilis. Rachel 
Brown, Division of Laboratories and Re- 
search, New York State Department of 
Health, Albany. 

The preliminary studies dealing with the 
standardization of antigens composed of the 
purified substances, cardiolipin, lecithin, 
and cholesterol, to be used for the serodiag- 
nosis of syphilis by precipitation, have 
included both macro- and micro-procedures. 
Present data suggest that the same propor- 
tion of lecithin and cardiolipin, about 
26:1, is optimum for antigens for both tests 
but that the proportion of cholesterol is 
greater in the antigen for the micro-test; 
the actual amount of the antigen con- 
stituents is less in the micro-test. When 
known syphilitic sera, undiluted and 
diluted, were examined by both tests, two 
kinds of typical reactions occurred: (1) The 
results in the two tests were similar and cor- 
responded to those in complement-flxation 
tests. (2) The micro-test showed a higher 
degree of reactivity than the macro-test, 
and corresponded more closely to the reac- 


tion in the complement-flxation test. 
Thus, as adjusted at present, the micropre- 
cipitation test with the purifled antigen 
appears to be more sensitive in some cases 
of syphilis than the macro-test. 

The Standardization of Cardiolipin- 
Lecithin-Cholesterol Antigen in the 
Complement-Fixation Test for Syph- 
ilis. Elizabeth Mallaner and Frank 
Maltaner, Division of Laboratories and 
Research, New York State Department 
of Health, Albany. 

Relationships between the three chemi- 
cally pure constituents — cardiolipin, lec- 
ithin, and cholesterol — that are essential 
to an accurate titration of serologic reac- 
tivity by complement fixation were 
determined by a standard technique. Chol- 
esterolized and noncholesterolized solutions 
were dispersed by rapid and slow admix- 
ture respectively with salt solution. The 
marked inhibit ive reaction of cardiolipin 
for complement was completely obscured 
by 5 parts of lecithin or by “negative** or 
moderately reacting serum in the proportion 
used in tests; strongly reacting sera 
definitely increased its inhibitive effect. 
Lecithin was not anticomplementary; it re- 
acted slightly with 1 of 15 specimens of high 
titer. Cholesterol alone was inert. Mix- 
tures of lecithin and cardiolipin had marked 
antigenic reaction, which was maximum 
vrhen the relative proportion w^as 5:1. 
Cholesterol increased the reactivity of such 
mixtures to a maximum when present in the 
ratio of 3.4:1 with lecithin. The optimally 
reactive saline dilutions of antigens were 
directly proportional to their concentration 
in alcohol. Somewhat greater reactivity 
was obtained by decreasing the proportion 
of lecithin and increasing that of choles- 
terol, but the most reactive of such mixtures 
were anticomplementary. A ratio of 
lecithin: cardiolipin of 5:1 and of cho- 
lesterol ; lecithin of 3.4:1 is considered a con- 
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servative adjustment for use in comple- 
ment-fixation tests. 

The In Vitbo Effects op N-Substitoted 
P-Aminobenzoic Acid Derivatives upon 
Sulfonamides with Particular Refer- 
ence TO Local Anesthetics. O. R, 
OoetchiuSy Research Laboratories, Win- 
throp Chemical Company, Inc., Rens- 
selaer, N. Y. 

It was found that procaine hydrochloride 
(U.S.P.), a local anesthetic derived from 
p-aminobenzoic acid, exerted an antagonis- 
tic activity toward the sulfonamides almost 
equal to that of p-aminobenzoic acid itself. 
An antagonistic reaction toward the anti- 
bacterial actions of sulfonamides was not 
displayed by tetracaine hydrochloride 
(U.S.P.) , a local anesthetic derived from 
p-butylaminobenzoic acid. This raised the 
question as to whether N-substitution in 
general affected the antisulfonamide action 
of p-aminobenzoic acid and its derivatives. 
Accordingly, a series of p-aminobenzoic acid 
derivatives was prepared in which alkyl and 
acetyl groups were substituted in the N- 
position. The substitutions either greatly 
reduced or completely nullified the antag- 
onism of the compounds to the sulfona- 
mides when tested against organisms 
susceptible to sulfonamide action. 


The Antibacterial Effects of p-Amino- 

ALKTLBENZENBSULFONAMIDSS. C. A. 
Lawrencey Winthrop Chemical Company, 
Inc., Rensselaer, N. Y. 

The sulfosalicylate, mandelate, and 
methane-bis (2-hydroxy-3-naphthoate) salts 
of p-aminomethylbenzenesulfonamide (sulf- 
amylon) compare in activity with the 
hydrochloride of the latter compound in 
bacteria. 

p-Aminomethylbenzenesulfonamide and 
several of its salts are definitely inhibitory 
to viridans streptococci in vitro. The com- 
pounds, furthermore, give a suggestion of an 
antibacterial action against Streptococcus 
faecalis. Under corresponding experi- 
mental conditions, sodium sulfathiazole and 
sodium sulfadiazine are entirely ineffective 
against these bacteria. 

The antibacterial actions of p-amino- 
methylbenzenesulfonamide is not antag- 
onized by p-aminobenzoic acid nor by 
p-aminomethylbenzoic acid. The presence 
of relatively large amounts of vitamins, 
amino acids, peptones, and carbohydrates 
in the test medium also fail to interfere with 
the action of the sulfonamide upon 
Clostridium welchii. 

Public Health in Mexico. James E. Per- 
kins y Division of Communicable Diseases, 
State Department of Health, Albany. 


EASTERN PENNSYLVANIA BRANCH 

One Hundred and Seventy-fifth Meeting, Philadelphia County Medical Society 
Building, Philadelphia, Pa., October 24, 1944 


The Effect of Tuberculous and Sensi- 
tized Sera and Serum Fractions on the 
Development op Tubercles on the 
Chorio-allantoic Membrane of the 
Chick Embryo. E, W. Emmarty National 
Institute of Health, Bethesda, Md., and 
Florence B, Seiberty Henry Phipps Insti- 
tute, Philadelphia, Pa. 

It has been shown by precipitation tests 
and by electrophoretic analyses that anti- 
bodies were present in the gamma globulin 
fraction of sera of rabbits sensitized with 
tuberculin proteins. Electrophoretic anal- 
yses of the sera and serum fractions of both 
experimental and control normal animals 
were made to determine the relative 
amounts of the respective globulin frac- 


tions. Besides the experiments with whole 
sera of tuberculous, sensitized, and normal 
animals, the gamma globulin fraction was 
isolated from pooled sera of rabbits sensi- 
tized with PPD-2 and similarly used in 
vitro and in vivo. The tuberculostatic prop- 
erties were checked in vivo by implanting 
the chorio-allantoic membrane of the 8-day- 
old chick embryo with suspensions of the 
bacilli of known concentration mixed with 
the whole sera or serum fractions . The num- 
ber of membranes with tubercles and the 
average number of tubercles per membrane 
were noted, and the degree of development 
of the tubercle was studied in microscopic 
sections of these membranes. It was found 
that both the sera of rabbits sensitized with 



PROCEEDINGS OF LOCAL BRANCHES 


201 


purified tuberculin protein and sera from 
tuberculous rabbits possessed tuberculo* 
static properties. The gamma globulin frac- 
tion isolated from pooled sera from rabbits 
sensitized with PPD-2 also retarded the 
development of tubercles in the chick mem- 
branes, whereas the remaining protein frac- 
tion without the gamma globulin gave no 
protection. 

The Rolb op the Lymphocyte in Antibody 
Formation. T. N. Harris and W, E. Eh- 
rich, Children’s Hospital of Philadelphia, 
The Philadelphia General Hospital and 
the Departments of Pediatrics and Path- 
ology, University of Pennsylvania, Phila- 
delphia, Pa. 

Following the injection of an antigen into 
the foot of a rabbit, there appeared a sharp 
rise in the size of the regional lymph node, 
and in the output of lymphocytes into the 
efferent lymph from that node. At the same 


time antibodies were found in the efferent 
lymph. 

On separating the lymphocytes from the 
lymph supernatant it was found that the 
antibody titer of the contents was substan- 
tially higher than that of the surrounding 
fluid. This difference was greatest at the 
time of greatest rate of increase of antibody 
titer in whole lymph. 

Incubation of lymphocytes containing one 
species of antibodies with lymph superna- 
tant containing another species showed that 
antibodies pass from the cells to the super- 
natant, to reach approximate equilibrium, 
not from supernatant to cells. To test the 
latter possibility under physiologic condi- 
tions, normal lymphocytes were allowed to 
incubate in vivo in their own lymph to which 
antibodies had been added. It was again 
found that no absorption of antibodies by 
cells took place. 


One Hundred and Seventy-sixth Meeting, Philadelphia County Medical Society 
Building, Philadelphia, Pa., November 28, 1944 


The Development of Penicillin Produc- 
tion. 0. Raymond Rettew, Wyeth Inc., 

West Chester, Pa. 

A few of the less known details of the dis- 
covery of penicillin by Alexander Fleming 
were discussed. These were simple obser- 
vations out of which has developed one of 
the greatest discoveries to alleviate human 
suffering. Many of us have seen the phe- 
nomena that Fleming observed, but we did 
not have the vision or imagination to con- 
sider its importance. It is this vision and 
imagination that has made Fleming a great 
man. 

It was pointed out that the excellent ob- 
servations of Fleming would have been 
useless if it had not been for a very few men 
Hho realized the importance of this work 
and experimented further with penicillin. 
The most important work in this respect was 
carried out by H. W. Florey and the Oxford 
University group. The development of 
penicillin would have been retarded for a 
long time if it had not been fostered by gov- 
ernment agencies in the United States . This 
made possible rapid development of com- 
mercial production. Development was ac- 


complished in a year that under normal 
conditions would have taken many years. 

Some Studies on Infectious Hepatitis. 
John R. Neefe, Capt., A.U.S., Commission 
on Measles and Mumps, Army Epidemio- 
logical Boards, University of Pennsyl- 
vania, Philadelphia, Pa. 

Infectious (epidemic) hepatitis and ho- 
mologous serum hepatitis are among the 
most important medical problems of the 
present W'ar. In infectious hepatitis, jaun- 
dice occurs 20 to 40 days after exposure, 
elevations of temperature above 100 F are 
common, and the disease occurs in epidemic 
form. In serum hepatitis, jaundice usually 
occurs 60 to 120 days after the injection of a 
homologous blood product, fever greater 
than 100 F is uncommon, and the disease is 
rarely transmitted to contacts. Indirect 
evidence indicates that both types of 
hepatitis are due to a **viruslike” agent. 
Evidence suggesting that the causative 
agents are the same and that the observed 
differences are due to a difference in the 
route of entry of the agent was presented. 
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On the other hand, studies on immunity 
suggest that more than one agent may be 
concerned in the syndrome of serum hepati- 
tis. The available evidence indicates that 
both infectious and serum hepatitis produce 
a homologous immunity of some degree. 


Yet an attack of one type does not appear 
to protect against the other. If confirmed, 
this suggests that, although the agent of in- 
fectious hepatitis may be responsible for 
some cases of serum hepatitis, one or more 
other agents also may be concerned. 


MICHIGAN BRANCH 
Detroit, Michigan, November 17, 1944 


Two Distinct Diphtheroids Isolated 
PROM Cases op Infectious Bovine Pye- 
lonephritis. E. S. Feenstraj F. Thorp ^ 
Jr.f and C. F. Clark, Animal Pathology 
Section, Michigan Agricultural Experi- 
ment Station, East Lansing, Michigan. 
Some of the morphological, staining, cul- 
tural, biological, fermentation, and agglu- 
tination properties of nineteen diphtheroids 
from cases of infectious bovine pyelonephri- 
tis have been determined. The tabulated 
data were studied in an effort to classify 
these organisms, especially regarding their 
relationship to Corynebacterium renale which 
has been described as the etiological agent 
of infectious bovine pyelonephritis. Thir- 
teen of the organisms were indistinguishable 
from C. renale as described by Bergey . The 
properties of the other six organisms would 
not seem to allow them to be classified with 
any o^ the corynebacteria now described. 

The salient differences were that these six 
cultures required a richer medium for 
growth, had more curved pairs in stained 
preparations, digested litmus milk more 
vigorously, and produced acid in xylose as 
well as in fructose and glucose. 

Epfect op a Booster Dose op Pertussis 
Vaccine on Opsonic Response in Chil- 
dren. P, L, Kendrick, G. Eldering, and 


M. Thompson, Michigan Department 
Health Laboratories, Western Michigan 
Division, Grand Rapids, Michigan. 

In order to study the effect of a secondary 
stimulus or ‘‘booster” injection of pertussis 
vaccine, children who had been included in 
earlier study groups were given one injection 
of 0.5 ml of Hemophilus pertussis vaccine (10 
billion per ml) at the time of their entry into 
kindergarten. Opsonocytophagic tests were 
carried out on 187 children before the 
“booster” injection and again about two 
months later. Previous tests suggested 
that a moderately high level of opsonic 
activity was maintained for as long as 4 or 5 
years after primary immunization, regard- 
less of whether plain or alum-precipitated 
pertussis vaccine, or alum -precipitated 
combined diphtheria toxoid and pertussis 
vaccine, had been used. Reactions after 
the booster infection were on the average 1.6 
times as strong as before, and the average 
increased from the moderate to the strong 
range. For example, 23 per cent had reac- 
tions in the strong range at the time of the 
first test as compared to 80 per cent after the 
“booster.” The results lend experimental 
support to the policy of giving a stimulating 
injection of pertussis vaccine to children 
just before they start to school, when the 
chance of exposure to whooping cough is 
greatly increased. 


EASTERN MISSOURI BRANCH 

Oscar Johnson Institute, Saint Louis, Missouri, November 27, 1944 


Patents Relating to Plants and Micro- 
biology. O, W. Freiberg, Anheuser- 
Busch, Inc., St. Louis, Mo. 

Abe Gene Mutations Responsible fob 
THE Growth Factor Requirements of 
Microorganisms? E, L, Tatum, Stan- 
ford University, California. 


It is proposed that specific genes are re- 
sponsible, through their primary determina- 
tion of the specificity of enzymes, for the 
syntheses of growth factors as well as for all 
other biochemical reactions in a cell, and 
that the mutation of certain genes results in 
the failure to synthesize particular sub- 
stances which then become growth factors 
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for the organism concerned . This hypothe- 
sis is supported by the production by x-ray 
and ultraviolet treatment of gene mutations 
in the mold Neuroapora with associated 
specific growth factor requirements, and by 
the production by similar means of growth- 


factor-requiring strains of Eacherichia colt 
and Acetobacier melanogenum. The opera- 
tion of mutation and selection provides a 
reasonable basis for the changes in synthetic 
capacities of microorganisms which result 
in their growth factor requirements. 


NEW YORK CITY BRANCH 

Cornell University Medical College, New York, N. Y., November 14, 1944 


New Developments in the Application 
OF THE Germicidal Lamp in Industrial 
Bacteriology. L. J. Buttolph, General 
Electric Company, Cleveland, Ohio. 
Low-pressure mercury arcs in recently 
developed glass tubes transmitting about 65 
per cent of the bactericidal ultraviolet of 
wavelength 2537A provide an over-all effi- 
ciency about five times that of quartz lamps 
used in the past for the disinfection of water. 

The equal and reciprocal importance of 
time and intensity in bactericidal exposures 
was emphasized. An ultraviolet intensity 
of about 0.01 watt per square foot of surface, 
or cubic foot of air volume, was suggested as 
productive of practically complete killing of 
exposed bacteria in 8 to 10 minutes under 
adverse practical conditions. Practically 
complete killing in one minute would be 
produced by 0.1 watt per square or cubic 
foot. It was suggested that sporeforming 
bacteria, yeast cells, and some fungi may 
require 3 to 10 times this exposure for the 
same kill, and resistant fungi 50 to 100 times 
this exposure. 

Of the many applications of germicidal 
ultraviolet to industrial bacteriology, the 
disinfection of air economically, in great 
quantity, and to any desired degree, with no 
effect on the air itself, is unique. 

The Testing of Anaerobic Toxins and 
Antitoxins by the Flocculative Re- 
action. Carr H. Porsona, Lederle Labo- 
ratories, Inc,, Pearl River, N. Y. 

The tetanal flocculative test is now em- 
ployed for titrating serums, toxins, and 
toxoids with minimum difficulty with non- 
specific zones. Careful selection of stand- 
ard serum and toxin has been found to be of 
great importance, as well as the use of 
blending in cases where multiple zones are 
encoimtered. The flocculative test has 
also been found to be specific and practical 
for serums and toxins of perfringens, septi- 


cum, and histolyticum. Recent develop- 
ments in the production of high potency 
toxins have made such testing possible and 
eliminated the necessity for concentrating 
the antigens. Limited work on sordelli 
toxin and antitoxin suggests that the floccu- 
lative test may be satisfactory . The floccu- 
lative test may now be considered an impor- 
tant and dependable test when properly 
applied for the testing of anaerobic toxins, 
toxoids, and antitoxins. 

Incidence and Identification of Patho- 
genic Shigellas. A. J. Weil, Lederle 
Laboratories, Inc., Pearl River, N. Y. 
Cultural differentiation within the genus 
remains an essential requirement. The 
trimethylamine oxide method of Wood is of 
great importance for speedy differentiation 
between the Flexner bacillus on the one 
hand and the Sonne bacillus and the alkales- 
cens variety on the other. 

Serological differentiation of species and 
types of Shigella is possible provided that 
properly absorbed sera are used. Strains 
occur that are agglutinable only after boil- 
ing. That is particularly true for Shigella 
ambigua (Schmitz) and Shigella alkaleacena 
and also for some types of the Flexner bacil- 
lus, type VI (Newcastle-Boyd-88). The 
Sonne bacillus shows a peculiar phase varia- 
tion, and sera containing antibodies to both 
phases are necessary for complete coverage 
of that species. The Flexner species is sero- 
logically not homogeneous. Absorbed sera 
for the predominant (primary) type anti- 
gens are necessary for differentiation which 
can be expediently made by slide agglutina- 
tion. Fourteen such primary antigens have 
been established which characterize four- 
teen types corresponging to the five “races’* 
of Andrewes and Inman plus nine types 
described by Boyd. One of the latter com- 
prises both culturally typical Flexner 
strains and strains that form slight amounts 
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of gas (^'Newcastle”)* In addition, there 
are several types that have two primary 
antigens. They correspond to what An- 
drewes and Inman called *^subraces/* such 
as VZ . Three types with dual primary anti- 
gens have been found up to the present time. 

The Use of Albumin as a Nutrient for 
Treponema pallidum. Paul A. Little^ 
Lederle Laboratories, Pearl River, N. Y. 
The refined serum albumin that has re- 
ceived attention as a possible substitute for 
blood plasma, has been found to be a substi- 


tute for animal fluids in media used for the 
cultivation of Treponema pallidum* Albu- 
min (0.4 per cent) replaced 10 per cent of 
blood serum. Concentrations as low as 0.1 
per cent of albumin produced detectable 
growth. Refined serum albumin was used 
in serum-free media in studies of require- 
ment for anaerobic conditions, for vitamins, 
and for factors which accelerated growth. 

The Production of Influenza Virus 
Vaccine. D. W* McKinatry, Lederle 
Laboratories, Inc., Pearl River, N. Y. 


NEW JERSEY BRANCH 

The Theobald Smith Society, Rutgers University, New Brunswick, New Jerset^ 

November 2, 1944 


Problems in Diphtheria Immunity. Al- 
fredo Sordelliy National Department of 
Health, Buenos Aires, Argentina, S. A. 

Microbiological Methods for the De- 
termination OF Amino Acids. I. As- 
partic Acid and Serine. J. L. Stokes 
and Marion Gunness^ Research Labora- 
tories, Merck & Co., Inc., Rahway, N. J. 
An accurate and specific microbiological 
method has been developed for the determi- 
nation of aspartic acid and serine in purified 
proteins. It is based upon the quantitative 
response of Lactobacillus delbriickii LD5 to 
those two amino acids as measured by titra- 
tion of the lactic acid formed. The method 
satisfies the usual criteria of reliability in 
that (a) assay values obtained with different 
dosage levels of test samples agree closely 
indicating absence of stimulatory or toxic 
substances; (b) there is good duplication of 
assay levels on the same protein in different 
experiments involving different operators 
and preparation of fresh hydrolysates; and 
(c) aspartic acid and serine added to pro- 
teins prior to hydrolysis are . recovered 
quantitatively. The microbiological values 
for the aspartic acid and serine content of 
casein, jS-lactoglobulin, egg albumin, and 
silk fibroin are in good agreement with those 
arrived at by recent, improved chemical 
methods. 


A New Member of the Genus Alcali- 

GENES AND ItS SyMBIOSIS WITH ACID- 

forming Organisms. /. A. Anderson y 

Rutgers University, Now Brunswick, N. J. 

A member of the genus Alcaligenes has 
been studied which resembles Alcaligenes 
fccalisy but differs culturally and physiologi- 
cally from it and other members of this 
genus. The outstanding characteristic of 
this organism is its pronounced aciduric 
quality. This organism, which occurred as 
a contaminant in a commercial culture of 
Lactobacillus bulgaricuSy is a small gram- 
negative rod which produces a sparse growth 
in the commoner culture mediums as com- 
pared with A. fecalis* Colonies on tomato 
juice or brain heart agar are circular, thin, 
entire, smooth, moist, grayish, finely granu- 
lar, 1.5 to 2 mm in diameter. Growth on 
nutrient agar is poor. Growth in broth is 
sparse and settles to form a granular precip- 
itate, the supernatant liquid becoming 
clear. Gelatin is not liquefied. Litmus 
milk is rendered alkaline, without coagula- 
tion, and very slowly peptonized. No 
growth occurs on potato slants. The 
organism resembles A. /ecoZis in that it does 
not utilize carbohydrates or citrates, reduce 
nitrates, form indole, alter blood, is weakly 
lipolytic on tributyrin agar, and has an 
optimum temperature of 37 C. It forms no 
pigment of any kind. 
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INDIANA BRANCH 

Jordan Hall, Butler Univbrsitt, Indianapolis, Indiana, Novembbr 10, 1944 


Morpholooical Characteristics of a 
Purified Thermophilic Cellulose-de- 
composing Culture. D. B, Pratt, 
Biology Department, Purdue University. 
The fermentation of cellulose at 65 C as 
it is usually carried out in tubes can be 
divided into two stages, a preliminary pe- 
riod during which abundant surface growth 
is observed but neither pigment nor gas is 
apparent, and a secondary period in which 
pigment and gas are formed. Large rods of 
uniform diameter develop in the upper por- 
tion of the liquid during the preliminary 
stages of the fermentation. These rods are 
gram-variable when stained according to 
the Hucker modification of the gram stain. 
The rods are actively motile at the end of 24 
hours . The 1 ower portions of the tube show 
slower development of a filamentous form. 
These are gram-negative. With the evolu- 
tion of gas the forms become mixed and the 
actively fermenting culture has a hetero- 
geneous nature. As the fermentation pro- 
ceeds, all rods, both large and filamentous, 
are gram -negative, and filamentous forms 
bearing a large, gram-variable, sporelike 
structure in a completely terminal position 
become numerous. 

In a smear made from an actively ferment- 
ing culture a mixture of filamentous rods, 
large rods, and a few of the forms bearing 
the large sporelike structures are observed. 

The Nature of ‘‘Nibbled” Colonies op 
Bacteria Resistant to Bacterial Vi- 
ruses. S. E, Luria, Indiana University, 
Bloomingtom, Indiana. 

After the action of a bacterial virus (bac- 
teriophage) on a sensitive host, among the 
secondary colonies of resistant bacteria 
there often appear “nibbled” colonies. 
They are distinguished by irregular shape 
and texture, and are often reduced to thin, 
barely visible residues. Bacteria isolated 
from such colonies usually prove as resistant 
to the virus as the bacteria from regular 
secondary colonies. 

We discovered the occurrence of virus 
mutants capable of attacking bacteria re* 


sistant to the normal viruses. It seemed 
possible that the nibbled colonies might 
result from the lytic action of some mutant 
virus particles on secondary colonies resis- 
tant to the normal virus. If so, nibbled 
colonies should also be obtainable by plat- 
ing a few cells of a pure resistant bacterial 
strain with a virus mutant active upon it. 
By plating together various amounts of 
bacteria and of virus, it was possible to 
duplicate all types of nibbled colonies 
(slightly nibbled, largely nibbled, thin). 
Whenever nibbled colonies had been found 
in the secondary growth, it was possible to 
isolate from the virus at least one mutant 
active on the bacteria of the secondary 
growth. Several new mutant viruses were 
thus isolated from different coli-virus 
strains. 

Interference Between Particles of 

Closely Related Bacterial Viruses. 

S. E, Luria, Indiana University, Bloom- 
ington, Indiana. 

Interference between different viruses has 
been described for many viruses, including 
bacteriophages. 

For bacterial viruses, occurrence of self- 
interference has been inferred indirectly. 
Direct proof is difficult to obtain, because 
particles of the same virus are indistinguish- 
able and one cannot follow the growth of a 
certain virus particle in a culture. Isolation 
of mutant bacterial viruses, indistinguish- 
able from the normal viruses when acting on 
a common host but active on a new host 
resistant to the normal viruses, permitted a 
further study of self -interference. The 
mutant virus is traceable through its 
activity on the new host. 

Cells of Escherichia coli, strain B, suscep- 
tible to virus 7 and virus 7 ' (mutant), were 
infected with virus y, and immediately after 
with virus y\ Then, before lysis took place, 
the infected bacteria were plated with strain 
B7, sensitive to virus 7' only. Those bac- 
teria that liberate 7 '-particles should pro- 
duce plaques. It was found that almost all 
the bacteria infected first with virus 7 , then 
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with virus failed to liberate any virus 
7'. Since we know that viruses 7 and 7' are 
indistinguishable in their action on strain 
B, these experiments indicate the occurrence 
of interference between virus particles act- 
ing in the same way on the same host cell. 

AnTIBACTBEIAL SxJBSTANCiaS FBOM PLANTS 
Collected in Indiana. Dorothy Sand- 
ers, Paul W, Weatherwax, and L. S, 
MeClung, Indiana University, Botanical 
and Bacteriological Laboratories, Bloom- 
ington, Indiana. 

The juice of the plants, or particular por- 
tions of them, obtained by a Carver press, 
was tested for inhibitory activity against 
Bacillus suhtilis and Escherichia coli using 
the Oxford cup technique. Representatives 
(1 to 60 species) of the following families 
have been included: Plantaginaceae, Ra- 
nunculaceae, Gramineae, Araceae, Solana- 
ceae, Pahayaceae, Phylolaccaceae, Poly* 
gonaceae, Liliaceae, Compositae, As- 
clepiadaceae, Violaceae, Menispermaceae, 
Labiatae, Euphorbiaceae, Caprifoliaceae, 
Saxifragaceae, Oxalidaceae, Iridaceae, 
Onagraceae, Leguminosae, Umbelliferae, 
Anacardiaceae, Ulmaceae, Apocynaceae, 
Rosaceae, Solicaceae, Accraceac, Celastra- 
ceae, Alismaceae, Anonaceae, Magnolia- 
ceae, Nymphaeaceae, Juglandaceae, Tilia- 
ceae, Vitaceae, Ericaceae, Polypodiaceae, 
Osmundaceae, Acanthaceac, Celastraceae, 
Convolvulaceae^ Primulaceae, Urticaceae, 
Typhaceae, Scrophylariaceae, Bolsamina- 
ceae, Simarubiaceae, Lauraceae, Bignonia- 
ceae, Rubiaceae, and Martyniaceae. 

Although about 15 of approximately 160 
specimens tested show some degree of inhibi- 
tory activity against one or both test 
organisms, no sample has been encountered 
which gave exceptionally high values. Per- 
haps the greatest activity w^as shown by 
extracts of the common ragweed, Ambrosia 
elatior, though this was not true of the giant 
ragweed. Ambrosia trifida. It should be 
mentioned that in many instances a very 
marked stimulation of growth of the test 
organisms was evident. 

On the Pebtaration of Influenza Virus 
Vaccine. H, M. Powell, Lilly Research 
Laboratories, Indianapolis 6, Indiana. 
We have prepared types A and B influenza 


virus in the usual way on ten-day incubated 
fertile hen eggs. Such virus, harvested 
after an incubation period of about 48 hours, 
has exliibited satisfactory hemagglutinating 
potency, generally a 1:256 dilution giving a 
strong reaction against chicken red blood 
cells. Also, virulence for young Swiss mice 
was satisfactory, the titers for type A and 
type B being about 1 : 100,000 and 1 : 10,000, 
respectively. 

Virus has been used in the nonconcen- 
trated state, and as tenfold concentrated 
material, as vaccine. Since the nonooncen* 
trated material was experimented with first, 
its immunizing action as modified by differ- 
ent inactivating and preservative agents 
was determined. Swiss mice were treated 
with two doses of vaccine intraperitoneally 
with an interval spanning a week and then, 
one week after the last dose of vaccine, 
dilutions of active virus were administered 
intranasally to immunized and control mice. 
All vaccines were tested after being heated 
for one week and one month, respectively, 
at 37 C. 

All vaccines containing “merthiolate*’ 
(sodium ethyl mercuri thiosalicylate, Lilly) 
or formalin, alone or in combination, im- 
munized well. All vaccines containing 
phenol or saturated sodium chloride had 
weak immunizing action. 

A Study of Nontoxic Strains of Clos- 
tridium tetani. Ruth Toabe and L. 8, 
McClung, Indiana University, Bacterio- 
logical Laboratories, Bloomington, In- 
diana. 

At the request of Dr. J. H. Mueller, from 
whom the culture was received, a study has 
been made of a strain of Clostridium tetani 
which lost the property of toxin production 
following a period of serial daily transfers 
in meat infusion glucose broth. In addition, 
lOother nontoxic and 33 toxic strains, mostly 
received from Janet Gunnison, have been 
included in our series. The 10 strains are 
presumed to have been nontoxic on original 
isolation but possess other characters, in- 
cluding agglutinating antigens, which are 
normal for the species. All strains have 
been studied with respect to the following; 
cell morphology, spore formation, motility, 
physiological reactions, and colony type. 
To date, no significant difference has been 
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observed with respect to those characters 
in the various strains, except that in the 
serial passage culture spore formation is 
markedly retarded. This is not true of the 
original culture from which this strain was 
derived. Rough-smooth dissociation ap- 
parently has not occurred. An attempt to 
repeat the phenomenon of loss of toxicity by 
serial passage in thioglycollate broth and 
other studies on this and additional strains 
are in progress. 

Laboeatort Diagnosis of Rickettsial 
Diseases. Oeorge D, Brigham. 

The various techniques for laboratory 
aids in establishing a diagnosis of Rickett- 
sial infection were reviewed. The relative 
importance of each procedure in such lab- 
oratory work was evaluated. Suggested 
helpful points for given cases were em- 
phasized 

Pathogenesis, Diagnosis, and Treatment 
OP Clostridium welchii Infection. 


Lyle A . Weed^ Department of Bacteriology 
and Department of Research, Indiana 
University Medical Center, Indianapolis, 
Indiana. 

The conditions commonly encountered in 
developing gas gangrene were briefly re- 
viewed. The reasons were presented for 
believing most cases are mixed infections. 
The possible roles of the associated organ- 
isms were discussed. Original data were 
presented showing lack of S3rmbiotic or sy- 
nergistic effects of some common aerobes 
when mixed with Clostridium welchii. The 
role of soluble toxin was discussed and data 
presented to show the great irregularities 
of antitoxin therapy when the disease is 
moderately well developed. Other forms of 
therapy were briefly reviewed. Attention 
was called to the lack of satisfactory recog- 
nized therapeutic procedures and the need 
of further work to understand the funda- 
mental physiological reactions related to 
death resulting from infections due to C. 
welchii. 




THE MORPHOLOGY OF BACTERIUM TULARENSE 
W. HESSELBROCK* * and LEE FOSHAY 

Department of Bacteriology^ College of Medicine , University of Cincinnati, and the Cincinnati 

General Hospital 

Received for publication September 5, 1944 

Divergent views exist coriceming the morphology of Bacterium iularemse, 
McCoy and Chapin’s (1912) original description depicted an apparently ira- 
motile, small, questionably encapsulated, pleomorphic organism occasionally 
presenting enlarged, irregular, and apparent involution forms; sometimes with 
predominant large globular forms. Ohara, Kobayashi, and Kudo (1935) claimed 
to have demonstrated flagella on both Japanese and American strains, stated 
that motility was obscu’vcd repeatedly, and described clubbed, comma-shaped, 
dumbbell, and triangular forms. They further stated, ‘‘The more virulent is 
the bacterium, th(i greater is the pleomorphism” ; also, “Virulence, pleomorphism, 
ancl motion arc closely related and vary together.” Galli-Valcrio (1938), after 
working with cultures isolated by Drbohlav in (Czechoslovakia, stated that both 
coccoid and bacillary forms were absolutely immotile and that no flagella were 
demonstrable by the Ca«ares-Gil stain. He also failed to find any enlarged, 
elongated, filamentous, or involution forms. Most European language reports 
and textbooks omit all ref(u’ence to flagella, state that the bacterium is non- 
motile, present inadequate descriptions of the extraordinary pleomorphism, give 
scant mention to encapsulation except as an occasional finding in tissues or in 
tissue smears, and classify the organism among cither Paslcurella or Brucdla, 

Since the most extensive studies on morphology were conducted by Ohara 
and his associates, we reviewed thoroughly the Japanese literature. Ota (1930) 
stat<5S that Kudo and Kobayashi, working in Ohara’s laboratoiy, first demon- 
strated a single polar flagellum in 1934, using the silver deposition method of 
Nishigawa and Sugahara (apparently the same as the Saisawa-Sugawara method 
mentioned by Ohara). They also cbseiwed capsules. Ota confirmed this work. 
He demonstrated flagella also with Victoria blue (4R), Burri’s India ink method, 
and by his own modification of Benian’s Congo red method. In his experience 
the methods of Loeffler, Benian, Zettnow, Inouye, Yokota, and Uyeno either 
failed entirely or showed few poorly stained flagella. Under dark-field illumina- 
tion, “Refractile flagella were demonstrated.” With regard to motility, “I 
found some actively motile, definitely changing their position.” Capsules were 
well demonstrated by Ota’s modification of Benian’s method, mercurochrome 
negative staining, and by Gin’s India-ink carbol-thionine method. The methods 
of Johne, Wadsworth, Hiss, Welch, and Friedlander were said to stain them 
poorly or not at all. Ota stained Bacterium iularense and Yato-byo bacteria, 
also their flagella, in tissues with the Levaditi method. Successful preparations 
were made from human lymph node and skin, guinea pig spleen, and rabbit liver. 

^ In partial fulfillment of the thesis requirements for the degree of Doctor of Philosophy. 

* Captain, S. C., A. U. 8. 
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Ohara, Kobayashi, and Kudo used the Saisawa-Sugawara silver deposition 
method. They described the typical Bacterium tularmae as a coccus or bacillus 
with a single polar flagellum. Yato-byo bacteria were said to have longer 
flagella than American strains of Bacterium tularense. They noted bacterial 
forms connected by “flagella,’’ also apparent multiple flagella, and instances of 
three cocci united by “flagella,” but assumed that these images wereprepara- 
tional artifacts. Their American strains were 38, Hen, Va, and Col, all received 
originally from E. Francis, and sent to Kudo by us. 

With regard to motility these workers stated that the bacterium “has a certain 
active movement,” and that the degree of motility was proportionally related to 
virulence. They described its motility as “slower than the movement of cholera 
vibrio and much quicker than that of typhoid bacillus.” Addition of a drop of 
mercuric chloride solution to the bacterial suspension was said to cause motility 
to disappear slowly, leaving only Brownian movement. 

Ohara (1940) further mentioned the “specific active movement” and stated 
that the organism is monotrichate with a polar flagellum, also a capsule. A 
privately printed reprint of this complete paper, containing excellent photo- 
micrographs, was presented to members of the Third International Congress of 
Microbiology. Ohara’s statement that the marked difference in severity between 
tularemia and yato-byo is not due to inherent differences in virulence between 
Japanese and American strains, but rather due to the constitution of the Jap- 
anese people, should be modified in accordance with the experience related by 
Ota, who describes in detail the clinical course of disease in his laboratory 
technician infected by the American strain. Hen. The patient developed 
pleurisy and pneumonia with bloody sputum during the first week. During the 
second week he was irrational, with fever from 40.4 to 41.9 C (107.4 F), and had 
anuria for 7 days. Seven thoracenteses were performed. He was febrile for 
64 days and disabled for more than 3 months. Agglutinin titers ascended from 
zero in the first week to 1:640 in the third week, and 1 : 2,560 in the sixth week 
of disease. The infecting strain was recovered from the pleural fluid. 

We wish to record results of a systematic study of the morphology of this 
microorganism. Forty-three strains were examined, 21 from our collection and 
22 others supplied by Dr. Edward Francis from the National Institute of Health. 
The histories of these strains are shown in table 1. Attention is directed to the 
wide range in geographic origin, to the diversity of pathologic sources, to an 
almost complete series of annual original isolations from 1920 to 1942, and to the 
periods of cultivation on artificial media which extended from 22 years to 2 days. 
The virulence range extended from maximal — Skilling all mice, guinea pigs, and 
rabbits within 3 to 5 days after dermal inoculation or after parenteral injection 
of 0.5 ml of 48- to 72-hour cultures in saline dilution of T-500 x 10“"® — to absolute 
nonvirulence — no illness in any of 12 mice and 12 guinea pigs after injection of 
approximately 12 billions of bacteria from a 48-hour culture into each animal. 

METHODS OP STUDY 

Motility, Motility was studied in salt-solution hanging drops and in vasehne- 
paraflBn-luted cover slip preparations, by both direct illumination and dark-field 
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TABLE 1 

Hiatoriet of the etraini examined 


DESIGNATION 

OF CULTUmS 

YEA* OF 
OEIGINAI. 
ISOLATION 

PATHOLOGIC SOTOCE 

GEOGEAPHIC SOX7ECE 

INTEBVAL BETWEEN 
LAST ANINAL ISOLATION 
AND OUE EXAMINATIONS 

38 

1920 

Human Ly. node 

Utah 

22 years 

26 

1921 

Human blood 

Utah 

21 

SF 

1922 

Ground squirrel 

Calif. 

20 “ 

T 

1923 

Wood lick 

Montana 

19 

V 

1924 

Human spleen 

D. C. 

11 

Sn 

1925 

Wild hare 

Montana 

17 “ 

Jap 

1926 

Human Ly. node 

Japan 

16 

LR 

1927 

Human ascitic FI. 

Arkansas 

15 “ 

Max 

1928 

Human Ly. node 

Russia 

14 

Rubs 

1928 

tt n tt 


14 “ 

Can 

1930 

Wild hare 

Canada 

12 “ 

Ohara 

1931 

Unspecified 

Japan 

11 “ 

Ri 

1932 

Human pus 

Virginia 

10 “ 

Fox I 

1933 

Gray fox spleen 

Minnesota 

9 “ 

Col 

1933 

Human pleural FI. 

So. Car. 

8 ** 

LI 

1934 

Human pus 

Canada 

8 

Tol 

1934 

Human blood 

Ohio 

7 

T-418 

1934 

Human blood 

Ohio 

6 

L.C. 

1935 

Human ulcer 

Virginia 

7 ‘‘ 

H.D. 

1935 

Human eye 

Austria 

7 

Md 

1936 

Human pleura 

Maryland 

6 

PF 

1936 

Human lung 

Ohio 

2 

Chr 

1937 

Human pus 

Ohio 

12 days 

Sto 

1937 

Human blood 

Ohio 

5 years 

Chil 

1937 

Human pus 

Ohio 

4 “ 

Trot 

1937 

Human lung 

Ohio 

8 months 

Die 

1938 

Human ulcer 

Calif. 

2 years 

Memp 

1938 

Human Ly. node 

Tenn. 

10 days 

De P 

1938 

a n it 

Ohio 

2 years 

Pi 

1938 

Human blood 

Ohio 

8 days 

Pack 

1939 

Human sputum 

D. C. 

2 years 

V.F. 

1940 

Human pleural FI. 

Tenn. 

2 

Hugh 

1940 j 

Human ulcer 

Ohio 

2 “ 

Clem 

1940 

ILiman blood 

Ohio 

2 

Fox 

1940 


Ohio 

1 “ 

Broo 

1941 

Human spleen 

New York 

1 

Fish 

1941 

Human ulcer 

Ohio 

10 months 

Well 

1941 

Human pus 

Ohio 

9 

Fran 

1941 

Human sputum 

Ohio 

5 

Gib 

1941 

Human ulcer 

j Ohio 

3 

Schu 

1941 

H tt 

Ohio 

3 days 

Chur 

1941 

Human lung 

Ohio 

2 

Bish 

1942 

Human pleural FI. 

Tenn. 

4 months 


examination. Our associates, Tamura and Gibby (1943), provided semis 3 mthetic 
and ssmthetic liquid media in which heavy growth develops from inocula of 
approximately 15 organisms to 5 ml of media. Observations on morphology 
and motility were also made of cultures in these media. Some strains had been 
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propagated in liquid media for months; others were sown into liquid and obser- 
vation preparations were made daily for 8 days, the average period of multi- 
plication. 

Fixed and stained smears. The methods used to stain for flagella were those 
of Gray, Fontana-Tribondeau, Saisawa-Sugawara, Casares-Gil, Von Ermengem, 
Leifson, Inouye, and Weiss. For capsule staining we used the methods of 
Churchman, Welch, Anthony, Wherry, and Hiss. 

Preparation of bacterial suspensions. Most cultures were grown on solid media 
for 24 to 72 hours. Physiologic salt solution proved better than distilled water 
as a suspending medium. Satisfactory suspensions were made in either of 
two ways: 

1. A small amount of surface growth was removed with a loop and very gently 
shaken into a tube of salt solution. The tube was incubated at 37 C for 1 to 
2 hours until a uniform suspension resulted. Occasional gentle rotation accel- 
erated this process, but shaking broke off most “flagella.” The cohesive nature 
of the growth made it difficult to dislodge it from the loop. 

2. One or 2 ml of .salt solution were pipetted into the end of a culture slant, 
the tube was incubated until there was visible turbidity, then some of this .sus- 
pension was pipetted to another tube of salt solution. This was the better 
method. 

These suspensions were good for “flagella” demonstration for at least 3 days, 
but “capsules” were best shown during the first 6 hours. Preparations were also 
made from growth in liquid media. 

Thin air-dried films were stained on both slides and cover slips. Preheating 
slides in a gas flame gave preparations with the clearest backgrounds. Although 
the Gray stain must be mixed for each day, we found it left less background 
dejiosit if it w'as allow'ed to stand 1 hour before using. Beyond this, the tech- 
nique was simply that always necessary for succeas with special staining methods 
— scrupulously clean glassw'are, experience with the methods, and patience. 

Supravital staining of living organisms. Each strain was also studied by 
supravital staining, either suspended in saline from growth on solid medium or 
directly in gelatin-hydrolyzate liquid medium. More than 30 dyes were used, 
but only Nile blue sulphate, Hofmann’s violet (Dr. G. Griibler & Co.), Janus 
green B, malachite green, safranine O, gentian violet, and Bismarck brown Y 
proved useful. These were used chiefly as saturated solutions in saline, adding 
1 small loopful of freshly prepared and filtered dye to an equivalent amount of 
suspension or culture on a slide, mixing, covering Avith cover slip, and sealing. 
Malachite green was used in 2, 3, and 5 per cent aqueous solutions. Examina- 
tions were made both by direct illumination and by dark field. Victoria blue 
(4R) al.so would probably have been satisfactory, judging from Ota’s experience 
with fixed smears. We were unable to obtain it. 

Since most of our photomicrographs of living organisms required exposures in 
excess of 15 seconds, we had difficulty with Brownian movement. Cover slips 
could not be rolled down close without producing numerous artifacts. Our mast 
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successful method to avoid blurred images was to melt a drof) or t^vo of ordinary 
14 per cent gelatin medium by gentle heat in the center of the slides, heating 
until the gelatin flowed into a thin, even layer. After soliditication of the gelatin, 
preparations were made and sealed as usual. Organisms entrapped in the lower 
viscous layer were motionless and not deformed. 

Examination of blood from inUrted rodrnlti. Heart l)lood drawn from moi'ibund 
or dead experinu'ntally infe(*1ed mice and guinea pigs was (*xamined by direc-t 
illumination and by dark fi(*l(l in s(*aled cover slips immediatf*Iy as drawn, dilut(‘d 
in sterih^ distill(‘d wat(‘r, in sterile* saline*, aiiel in gelatin hydre>lyzate meMlium; all 
both unstainf*el anel supravitally staine*d. 

i'ontrol of methods of slndf/ fo/ application to other bacteria. Since* formation of 
artifae*ts by te*e-hnie*al proe*e‘(lure*s is an (*\ e*r-])re*se‘nt hazard in stuelie‘s on mor- 
phology, e*spe‘cially whe*n ne‘w or infreMpiently Use*el m(*thoeis are* e‘mpl()V(*el, we sul)- 
je*e*te*el one* or mem* strains of other l)ae‘te*ria te) the* spe‘e‘ial staining nu*the)els liste*el 
abe)\ e*. Strains of Escherichia coli, Eberthilla typhosa, Psi ndomonas aenupnosa , 
Hrncella mehtmsis, Pashunlla peslis, anel Pasti urella psi ndotidn rctdosis-roden- 
tinm jaile*el to re*ve*al any ne‘w or unusual me)rphe)logie* leature^s whe*n e‘\anune*el 
by these me*thoels 

HKSl LTs e)F OHsi:UV\TIO\s OF sTMNKI) sMK\US 

I’Aamination of {i\e‘d sme*ars staine‘el by e*ust(nnary dye*>. or e\e*n by spe(*ial 
stain>, is at be*st a [)oor mt'thod to re*ve*al the* luenphology of this organism. \o 
otlu*r me*thoel \ise*el produ(‘e*<l as many ele*e*eptive* images or as many artifacts 
e‘\(*e*pt the* e*\amination of he‘art ble)e)el fre)m infe*cte*d roele*nts. Xe‘Ve‘rth(‘le*ss the* 
lolle>wing obse-rvat ions are re'e*orde‘el, anel illustrate*el in plate*s I and I!, to [)i‘e)vi(le* 
e-omparison and (*orre*lation be*tw('e*n pre*vious '^tuelie‘s and the* re*sults of more* 
Mutable* me'thods ot e*\aminatiou that le)Ile>w. 

!){ monstration of slrnctnn s (hat simidatu/ capsabs. Strueture*s that simulateMl 
capsule's we*re' l)e‘<t ele*monst rated by e*ithe‘r the (Iray or the* Saisawa-Sugaw ara 
flage'lla stains, l(*ss we'll Iw the* Fontana-Tribemeh'au and ( ’asare*s-( iil stains. W'e* 
faile'el to ele*monstrate* thean with the* Chure'hman, We'lch, \\’he*rrv, .Xnthemy, or 
Hiss e*apsule* stains, theuigh moelifie'atieais ot e*ae*h we're* trie*el 

The'se* structure's were ele*monst rat(*el on every strain. Although thew looke*el 
like e*apsule‘s to e*iisual ins))(*e*tion, critieail e)bse*rvation showeal that the*y were not 
(‘xtracellular structure's but actually e*(*ll walls, a teature better el(*monstrate*d l)v 
other me*1he)ds of study that folle)W . Here it will suflie*e to ne)t(* that the e*e)e*e*oiel 
torn) e)f the* e)rganism, whe'ther e)f small, rneMlium, uv large* size, usually she)we*(l 
the cc'll wall. It was rare'ly se'cn on bae’illary fe)rms. Whe'ii coe*e*oid anel l)ae*il- 
lary feirrns appeauvel in chain Ibrmatie)!) it Wiis usual te) linel cell walls e)nly on 
the former. The* very large e*e)e*ce)iel fe)nns ejften she)we‘el thie‘k (‘e*ll walls, anel 
fre*e|ue*ntly twe) or thre'e* minute, circular, cl(*ar aivas, e>r. seanetime's, inele*ntations 
were* ne)t(*el within sue*h e*ell walls, usually alme)s1 e*\actly 12(F e)f aie* apart. 
\Vh(*n(*ve»r such ibrius pe)sse*sse*d “flage'lla,” lhe*se strue*ture*s se*e‘me*(l te) arise* fre>m 
the'se* e*ire*ular arenas. 
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Plate I 


Pliotomicrographs of stained smears. Reproduced with slight reduction from initial 
magnifications of 2,260 diameters. 

1. Chri strain, virulent. Haisawa-Sugaw^ara silver stain. Usual coccoid forms. Note 
how closely the filaments resemble flagella; also the small budding form near top center. 
These coccoid forms average 0.46 a* in diameter. 
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(veil walls were fonned by both avinilent and vinilent strains j by recently 
isolated cultures as well as by old cultures propagated only on m^ia for more 
than 20 years. 

Involution forms. Classical involution forms were observed in stained smears 
in about half of the strains. Although typical examples were seen and photo- 
graphed in an avirulent strain propagated only on media for 22? years, they 
ociairnnl more fi-eciuently in virulejit strains, and most freciuently in recently 
isolated cultures. J)uml)bell, bean-shaped, spennatozoonlike, a^id many bizarre 
forms were seem, as well as L-shaped and irregularly knobby globoid forms. 
]A)ng filanumtous forms like those produced by the plague bacillus were not 
observed, but many shorter and bizarre (ilarnembd forms w(*re seen, some of 
which ar(‘ r('produc(*d. It can be said here that none of these apparently typical 
forms w(*r(Mrue involution forms, and that their real nature will be demonstrated 
in succeeding paragraphs. 

The appcarancA* of flagella in stained preparations. \’ery fine filamentous 

2 ('ol strain, virulc»n1 S-S Htiiiii. Slide prepared by Kobayaslii, in Fukushiina, in 1935; 
our pliotoniicrograph Xole budding, wliieh the Jupanese overlooked, *a]so the minimal 
rc'produelive units on (dament.H near lower left center 
3. 3S strain, avirulent (Iray btain. Xo uniinal passage since 1920. 

\ Schu strain, virulent. (lr:iy stain Note two M U U. near middle of filament. Xole 
minute second filament , also budding of th(‘ lower (‘occoid form. 

5, 11 I) strain, viruhuit (\asar(‘s-f 111 stain. Xole similarity of this Austrian .strain to 
Ohio strain of figure 1 Fdamente<l coccind forms 
(i, 3S strain, avirulent , S S stain. Note filament extending through coll wall. 

7. Schu strain. (Iray stain. Short and long filaments. Budding at left. Heavily 
1 1 1 or d a n t (»d p r(* pa r a t i o n 

S. Sami'. lamg filament conni'ct.s usual coccoid form with a M.K V. Cell walls on many 
“(‘occi.’' Drumstick form at bottom. At ‘‘A” is shown a heavily stained cell wall. 
Xote evidenci* of budding, also suggestion of division by fission. 

9, 10, 11 Same. Filanu'iited <’occoitl and bacdlary forms. Attachments of filaments in 
various locations 

12. Schu strain, f/asares-f iil stain Bacillary form with terminal filament 

13. Schu strain Cray stain, heavily inordariteil. Thick filament on coccoid form. 

14 Same. Lightly mordanted. Delicate cell walls on large and small “cocci ’’ Drum- 
stick forms 

15 Same. False “flagella” produced by protoplasmic streamers from ruptured cells. At 
bottom, part of a filament is seen within the eell wall, opposite the site of rupture. 

16. Same. Globule showing cell wall and a filament witli a M.H.C. at tip Coecoitl form 
is about 1 M in diameter, 

17. Max strain. C’asares-Oil stain. Long beaded chain with fihunentous linkage, prob- 
ably formed by budding from the globus. 

IS. Schu strain. Gray stain. Focused to show’ a segmented globus eontaining 2 eoeeoid 
forms. The filament of the upper ‘‘coceus” is within tlio coll wall and show’s a bul- 
bous tip. 

19, Same. Sessile budding producing uonfilamented chains. Xote that eoeeoid forms show 
cell walls and tliat bacillary forms do not. Tliis is usual. 

20, Same. Small globule wdth wtII - stained cell w'all. Drumstiek form at lower left. 

21 . Same. Traumatized coccoid forms with ruptured cell walls (of. 15), showing filaments 
partially uncoiled from original enclosed position. 

22. Same globus as in figure 18. Focused deeper to show’ external protrusion of filament 
of lower small coccoid form. 
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I’latk II 

Ph()t(>inicr(»Knii)lis of st.'iiriod Hincjirs Roprodufcd will* mlurtion frotn initial 

magnificat ion of 2,250 diarnctcra. 

2.L Die strain S-S slain. N<}tc frcciuciil filainont.ous linkage of various forms A fila- 
inoiifed triangular zooglealike mass at lower left. Many M If.T. can he seen arising 
within filaments, 

24. Hi strain. S S stain. Kjlamenlous connection (production?) of M.il.ll. 

25. Same. Note length of filament 
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structures, identical with those the Japanese students call “flagella, were ob- 
served on every strain. They were best demonstrated by the Gray, Casares-Gil, 
and Saisawa-Sugawara staining methods. Excellent preparations were made by 
each method, and occasional good ones hy the Fontana-Tribondeau stain. We 
were unable to demonstrate these structures with the staining methods of Von 
Ermengem, Leifson, Inouye, or Weiss. Prolonged staining with Wright's stain, 
Giemsa stain, or hematoxylin occasionally demonstrated them, but poorly. The 
pale colors, and the minute size owing to absence of previous mordanting, made 
such preparations poor subjects for photography. One plate was obtained from 
w'hich measurements could be made. 

In the umnordanted state a coccoid foim of the usual size has a diameter of 
about 0.45 /x- The form early noted b^^ us as the “minute coccus” was not seen 
in unmordanted preparations. After heavy mordanting these forms have a 
diameter not greater than 0.2 /x, and cannot be distinguished from precipitated 
stain unless they possess a “flagellum.” Giant “cocci,” and some so-called 
involution forms, have diameters as large as 3.0 /x. Length of “flagellum” varies 
greatly, from 0.5 /x to 8.0 /x or longer. A fe^v specimens stained without previous 
mordanting show^ed “flagella” of uniform thickness, but really so thin that they 
were discernible with difficulty under critical illumination. They appeared to 
be not greater than 0.05 /x in thickness. 

Although Ohara stated that the longer “flagellum” of Yato-byo bacteria 
differentiates them from Bacterium tularenscy we \vere unable to find significant 
differences in length among our 43 strains. 

These flagellalike structures w^ere seen most frequently on coccoid forms, 
regardless of size; less frequently on bacillary forms. Many sho\ved bulbous tips 

26. 38 strain. stain. Note well -stained cell walls on this old laboratory strain. 

27. Ri strain. H-8 stain. Filamentous linkage between various forms. 

28. Same. Illustrates filamentous development of coccoid and bacillary forms. Note 
M.U.U. at end of filament, at left. 

29. Meinp strain. Fontana-Tribondeau stain. 

Upper. Pullulation of filaments containing M.Il.U. 

Middle. Globus containing 2 coccoid bodies, the whole attached to a branched my- 
celium. Strongly suggestive of a sporangiophore, sporangium, and 2 sporangiospores. 
Lower. Radial filamentation at right and below; continuous sessile budding at left 
upper. 

30. Max strain. Casares-Gil stain. Filamentous development of coccoid and bacillary 
forms, and M.Il.U. 

31. Schu strain. Gray stain. A 2.5 n globus with thick cell wall. Note eccentric chroma- 
tin, and indentation in cell wall that demotes a potential budding site. 

32. Stvme slide. Globus with extremely delicate cell wall. 

33. Schu strain. Gray stain. Globule with a chain of small coccoid and bacillary forms 
produced by sessile budding. Note additional potential budding site on right edge of 
globule, marked by tiny ring in cell wall. 

34. Max strain. Casares-Gil stain, heavily mordanted. Drumstick form. 

36. Schu strain. Gray stain. Filamented chain. 

36. 38 strain. S-S stain. So-called involution forms, spermatozoon form. 

37. Same. Globoid “involution’* forms, and filamented chain of coccoid forms. 

38. Same. More so-called “involution” forms. 

39. Memp strain. Fontana-Tribondeau stain. Sessile and filamentous budding, branching. 
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at the free end. Others frequently showed another coccoid or bacillary fonn at 
this end, giving the appearance of two bacteria united by a fine filament. Other 
fine filamentorxs structures united 3, 4, 5, or more than 20 bodies of either coccoid 
or bacillary shapes. The appearance of multiple fiagella was also noted. At 
first we thought all such images were preparational artifacts and, indeed, by 
judicious variations in methods of preparation, especially in depth of mordanting 
and staining, most such images from a given suspension could be resolved into 
apparently monotrichate bacteria lying very near free “flagella,” the free end of 
another “flagellum,” and so forth. Although light mordanting revealed many 
such images as artifacts, it did not dispose of the matter of various bacterial forms 
united by fine filaments. Every strain continued to show united forms under 
critically controlled variations in technique. 

Differentiation between flagella-sized filaments and protoplasmic streamers due 
to traiunatic rupture of cell walls was easily made. Filaments stained evenly 
and deeply, with sides parallel throughout their length. Protoplasmic streamers 
stained lightly, often unevenly, and tapered from a broad base near the soma to 
fine single or multiple distal tips. 

When the so-called “flagella” appeared on bacteria with cell walls, they some- 
times seemed to arise from the soma and penetrate through the cell wall. Others 
seemed to arise from the cell wall. Similar appearances in relation to the 
“capsules” of BaciUus sublilis were noted and discussed by Churchman (1933). 
With regard to Bacterium tvlarense, we believe this disparateness is due to vari- 
ations in staining technique. From a single suspension we made preparations 
that showed first one appearance, then the other. We occasionally saw both 
forms on the same slide, the “flagellum” not visible through the cell wall in 
lightly stained areas, but well shown within it in more heavily stained areas. 

In some coccoid forms of Bacterium tularense the “flagellum” was very clearly 
seen coiled withm the intact cell wall. This is shown in some of the photo- 
micrographs. In the largest forms the internal location of the filament was ex- 
ceptionally well shown, where they commonly heavily accentuated about one 
third of the internal perimeter of the cell wall. If cell walls had been broken 
by trauma, these filamentous structures could frequently be seen partially im- 
coiled from the original position and easily differentiated from the associated 
protoplasmic streamers. One photomicrograph shows this arrangement very 
dearly. 

The coccoid form was the one most frequently seen, and most “flagella” and 
most cell walls were seen on this form. It was the only form in which “flagella” 
were observed within cell walls. One might argue that, if the filaments observed 
were true flagella, the almost universal failure of skilled observers to see motility 
of Bacterium tularense might result in part from the frequent internal location of 
flagella, especially since more than 3 hours are required for cell walls to disinte- 
grate in salt solution. This hypothesis implies that proper or suitable conditions 
for observation of motility might never have been secured, an hypothesis which 
was readily made untenable by our study of living cultures in extremely favorable 
liquid media by dark-field illumination and by supravital staining. 
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OBSERVATIONS ON LIVING CULTURES UNDER DARK-FIELD ILLUMINATION 

All forms previously seen in stained preparations were readily recognized under 
the dark field. The ‘‘minute coccoid forms” were seen singly, in groups, in 
zooglealike masses, and at either or both ends, or along the courses of extremely 
delicate nonmotile filaments. They varied in size from just smaller than the 
usual coccoid forms to such minute bodies that neither size nor shape was dis- 
cernible. Many control preparations showed that these bodies were not present 
in our saline solution or in iininoculated liquid media. Coccoid forms of usual 
0.45 to 0.5 M size were not spherical but rather crescentically obovoid, shaped 
somewhat like a segment of an orange, with one end larger and rounder than the 
other. The refractile chromatin body was seldom central; usually peripherally 
located within a scarcely discernible, delicate cell wall. A moderate number of 
coccoid fonns of this size revealed small budding spherules. Some were sessile; 
others pedunculated or attached by extremely fine filaments. Coccoid forms of 
1 .0 to 1 .5 M in diameter were more spherical, usually contained one or more highly 
refractile chromatin particles eccentrically located, and frequently exhibited both 
sessile and filamentous buds. The bipolar forms of the stained preparations were 
seen to be diploforms of the 0.5 m size, shaped like a figure 8 in the dark field 
view, with a chromatin particle in each end, or bacillar}^ forms with polar 
chromatin particles. The ^‘giant cocci” were actually globular forms 2.0 and 
3 .5 M ID diameter. They were occasionally twinned , sharing the largest chromatin 
particle at the junction of the rounded free surfaces with the plane interface 
surface. In addition, many globi of this size presented moderate to numerous 
peripherally located, smaller, refractile particles, often arranged in meridional or 
equatorial belts. It was these globular forms, especially when actively budding, 
together with certain bacillarylike forms to be noted presently, that appeared in 
stained smears as the so-called ‘involution forms.” 

Bacillary forms were present in many sizes and shapes. In general, they were 
not strictly bacillary in shape with the short diameters of approximately equal 
size. They were taeniform, or ribbon-shaped, with one short diameter very 
much shorter than the other. In addition to the common flattened “bacilli” 
we noted a less frequent long form which was almost round, or quite round, in 
transverse diameter. These appeared like true filamentous forms of bacillary 
dimensions. They differed in being more highly refractile throughout their 
length, often tapered to a smaller diameter at one end. These also showed 
frequent budding. 

All sizes of “cocci” and “bacilli” appeared singly, in diploform, in short or 
long chains, and sometimes in chain formation connected by filaments of various 
lengths. The predominant form was almost always the 0.45 m “coccus.” All 
43 strains showed the same range of morphologic diversity. 

The “flagella” described and photographed by Ohara and his associates were 
readily seen. Their appearance in dark-field preparations was identical with 
that in fixed preparations stained by the Japanese, in similar preparations made 
by us, and in the photomicrographs published by Ohara as well as in our own. 
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However, all such “flagdla” were absolutely nomnotile, whether observed in 
water, salt solution, or liquid media. We watched many living preparations all 
day for many days, making a fresh one for a single culture every day throughout 
its period of multiplication. We saw thousands of these flagella-sized filamentous 
structures attached to all observed forma of the organism, but they were invari- 
ably nonmotile. The bacteria multiplied well in the liquid medium, and there 
was seldom doubt concerning viability of cells observed. Suspended dead cells, 
with or without “flagella,” were mere shadow outlines of living ones but all, 
living or dead, showed only Brownian movement. The easiest Avay to locate a 
cell Avith a long “flagellum” w-as to look for one that, for its diameter, had less 
Brownian movement than would be expected. The longer the filament the more 
it restricted Brownian movement in rate and amplitude. If there was also an 
organism at the other end of the filament it behaved as a drag anchor, permil ting 
almost no Brownian movement. Multiple “flagellated” living fonns were seen, 
confirming our findings in stained preparations. 

In living cultures filaments of flagellar size were seldom attached to only one 
organism. In stained preparations this appearance was very freciuent, simulat- 
ing true flagella, but it seems almost certain that this was an artifact caused by 
trauma incident to the preparation of dried films. In cultures the great majority 
of fine filaments connected two or more organisms of any of the forms noted. 

We can offer a possible explanation for the “peculiar motion” so fre(iuently 
mentioned by Ohara and his co-workers. Some bacillary forms, and all re- 
fractile rounded filamentous forms, cxliibited active flexional movements. These 
squirmings rarely accomplished any motion of translation, but occasionally an 
especially vigorous bend effected a cliango in position of a micron or two. We 
frequently loft such forms located in a field for an hour, to return and find the 
“bacillus” or “filament” not more than one-half field diameter from the point 
at which we left it. Ohara w'rites of thin and thick flagella. From our obser- 
vations we believe all “thick flagella” arc slender bacillary forms or the round 
refractile filaments. When a long bacillary form or filament had a coccoid form 
at one end, noted as the “drumstick” forms in our photomicrographs, the flexional 
movements of the rod-shaped section gave the appearance of a thick flagellum. 
We watched many such forms, and the greatest rate of movement of translation 
recorded was of the order of 15 m per hour. We confirm the constant presence 
of flagella-sized filamentous structures, true filaments of bacillary transverse di- 
ameter, small, medium, and large globules, and extraordinary pleomorphism, but 
not motility or encapsulation. 

Figure 1 shows drawings from dark-field observations of living cultures of some 
strains at various stages of growth. It must not be inferred that the forms shown 
were present in every field. At least one example of every form drawn was ob- 
served in every strain, but the filamented and other bizarre forms represented 
only a small fraction of the total populations. The most numerous forms seen 
during any of the first 8 days of cultivation were always the coccoid and bacillary 
forms. Many of these were not filamented. 
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I. MoKPlIOI-Oi.'K' I'mI^ of Sl\FiMF Sj'K\I\!>> OF M M LVKINM 


I )r:oN n from nlihcrvnt io?ik of living cuIiuh's id jioliilin h\ iln>l>val(‘ imalia malor dark-fK'lij 
illuiniDat ion dda* pn'paral Ion fnmi whirh no \) was tlrawn was luado h\ suspcmlinj; in 
salino solution a small amount of growth rcmovod from a l)|«»o<l cvstim* ay:ar slant, it 
inclmlt*(l to show that the same forms aio prodmaal h\ cultnation on the standard solid 
inndium, 

1 Strain Mcmp at HI hours of incubation, ddnitv to tl) imnuti's nlapsiMl between the 
succ(\ssivi' St ap's indicaltal b\ t la’ arrows Note n’product ion b\ budding 

2 Strain \Iemp, U liours. 

I?. Strain Memp, tM) hours, 

I Strain Memp, 5 da>s. 

5. Strain Mc’iu]), <> days. Noti* tilament coiled within cell wall ol one j^lobiiie. 

(), Strain Jap, 25 hours. Note filanienti’d zoo^lealike mass at fiottom 

7. Strain Ohara, IS hours. 

S. Strain Ohara, 72 hours. .\t liottom note filaments d(‘rived fiom an ill -(hdiia’d /oo^lea 
like mass. 

i). Strain Schu in saline solution; 72-hour culture. Sij^net i inii foi ms. at uppei left.wcae 
very common in all strains, 

10. Strain Pack, d<S hours Not(’ I’vidmice of r<‘production by pullulation of tilami'nt.s 

1 1. Strain Pack, 72 hours Some forms shown near bottom sum^i’sled division b\ fission 
but this W'as never verified 

12. Strain Pi, 48 hours Note multiple filamentaf ion at upper h’ft Just Im’Iow' is a 
zooglealike mass showing apparent fragnumtation of filaments. 

13. Strain Ibiss, 48 hours The largest form, near top center, was not duidicated in 
entirety by any other strain but forms consisting of i or 2 such segnamts were noted in 
all strains. 
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Plu)t<)mif!ro| 2 :rap}is of suf>ravitjilly Htainod organisms. Hoproducod willi sliglit reduction 
from original magnifications of 2,250 diamefcjs. 

1. Chri and Memp strains. Hofmann’s violet and aqueous gimtiaii violet stains S(‘s.si)(‘ 
and filamentous budding. In gelatin liydrolyzate medium ((lei. IlOlf). 
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2. Left: Russ strain. Hofmann ^s violet in saline suspension from solid medium. Coc- 
coid forms. 

Right: Memp strain. Hofmann’s violet, in Gel. HOH medium. Coccoid forms; 
fil amen ted and sessile buds. 

3. Memp strain. Hofmann’s violet, in Gel. HOH. Coccoid forms. 

4. 38 strain. Hofmann’s violet, in saline suspension. Bizarre chain due to budding. 

5. 1. Russ strain. Hofmann’s violet, in saline suspension. Multiple budding. 

2. Memp strain. Safraninc O, in Gel. HOH. Budding producing branching. 

3. Same. Bipolar staining bacillary form. 

4. 38 strain. Bismarck br<»wn Y, in saline suspension. Branched filament. 

6. Memp strain. Bismarck brown Y, in Gel. JIOH. Globus attached to a chain of coccoid 
and bacillary f orms. Which gave origin to the other is not known. Globus shows heavy 
mass oi chromalin at part opposite attachment site. Also within are 2 bodies of usual 
coccoid size. Suggests sporangium formation with 2 sporangiospores as usual number. 
(C’f 29 in plate II, also 18 in plate I. See also 10 below.) 

7. Russ strain. Hofmann’s violet in saline suspension. Primary and secondary budding 
from a smaller globule. The globule also contains 2 bodies of usual coccoid dimensions. 
Note cell wall of secondary bud. 

8. 38 strain. Bismarck brown Y, in saline suspension. Large globule with sessile bud. 

9. 38 strain. Hofmann’s violet, in saline suspension. Large globule. Note character- 
istic peripheral distribution of chromatin. 

10. Schu strain. Bismarck brow ii Y, in saline suspension. Globus with globular bud on a 
short filament. Note 2 additional potential budding sites in perimeter of globus. The 
daughter globule contains 2 bodies of coccoid dimensions, also additional peripherally 
located chromatin. 

11. 38 strain. I^ismarck browm Y, in saline suspension, Twdnned coccoid forms, one 
filamented. Note M.R.U. in filament. 

12. Memp strain. Hofmann’s violet in Gel. HOH medium. Coccoid form of usual size 
wdth very slender short filament containing 2 M.R.U. 

13. Russ strain. Safranine 0, in saline suspension. Small coccoid form with multi- 
branched filament. Note the M.K .U. at tips of fine branches. 

14. Russ strain. Hofmann’s violet, in saline suspension. A 2-^* globule showing part of a 
meridional budding fringe. 

15. Same. Peripheral filamentous budiiing. Note the M.R.U. along the filaments. 

16. Memp strain. Hofmann’s violet, in Gel. HOH. Coccoid forms, one showing a la- 
mented bud. 

17. Schu strain. Hofmann’s violet, in Gel. HOH. Globule with chromatin chiefly in 
granules at periphery. 

18. Russ strain. Hofmann’s violet, in saline suspension. Clump of filamentously con- 
nected M.R.U., some developing tow'ard usual coccoid form size. 

19. Same. Development of M.R.U. to larger forms. Note delicate filaments. 

20. Memp strain. Hofmann’s violet, in Gel. HOH. Clump of developing M.R.U. 

21. Same, Ruptured globus. Parachutelike arrangement of delicate filaments, each con- 
nected to one or more minimal reproductive units, 

22. Russ strain. Hofmann’s violet, in saline suspension. Oval globule with peripherally 
distributed chromatin. 

23. 38 strain. Bismarck brown Y, in saline suspension. Filamented coccoid form. Note 
peripherally distributed chromatin, and M.R.U. along course of filament. 

24. Russ strain. Bismarck browuiY, in saline suspension. Globule with sessile bud. Also 
twinned coccoid forms, one filamented with a M.R.U. at tip. 

26. Memp strain. Bismarck browui Y, in Gel. HOH. Filamented coccoid form showing 
delicate cell w^all. 

26. Russ strain. Bismarck browm Y, in saline suspension. Filamentous linkage between 
well-stained, living coccoid form and a lightly and unevenly stained, degenerating one. 
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OBSERVATIONS OP SUPRAVITALLT STAINED ORGANISMS 

Supravital staining greatly enhanced visualization of all structural details and 
permitted better photographic registration than we could secure otherwise. 
Nuclear particles were stained within 10 minutes by most dyes and were seen to 
be typically peripheral in location and often multiple. Minute buds stained blue 
with Nile blue sulphate, and filaments stained faintly. Under the dark field the 
buds had a deep lilac-rose color. Hofmann's violet stained chromatin a deep 
violet color; minute buds and filaments a light violet. Under the dark field 
chromatin particles appeared red and yellow; the minute buds always a clear 
yellow. Malachite green also showed differential staining between nuclear 
chromatin and the minute buds, the former taking a clear green and the latter a 
terra cotta or brick red. Filaments stained poorly. Bismarck brown Y stained 
all structural parts including delicate cell walls and the finest filaments. Coccoid 
and bacillary forms, globules, globi, thick and thin filaments, and what appeared 
to be minimal reproductive units were readily visualized as demonstrated in 
plate III. 

The chromatinlike particles 'within the coccoid forms were usually ring-shaped, 
discoidal, navicular, or crescentically obovoid, and almost always peripherally 
located, as noted previously. An extremely delicate, spheroidal, veillikc (*ell 
wall surrounded these forms, beat seen when the diameters reached or exceeded 
0.6 fx. 

In larger globoid forms nuclear chromatin was often dispersed into peripheral 
granules. The equatorial or meridional lines of granules around the circum- 
ferences of the larger globules sometimes gave origin* to very short delicate fila- 
ments, each with a minute minimal reproductive unit as its free end, the entire 
rows undulating in harmonic wave motion and giving the appearance of budding 
fringes. Occasionally filaments were seen within globules; some forked or 
branched, others unbranched and coiled within the cell 'walls. Many of these 
internally located filaments were examined critically, and their cylindrical shape 
was repeatedly confirmed. However, it is quite possible that these structures 

Two fine filaments spring from living unit, each with a M.R.U. at tip. Chromatin 
peripheral. 

27. Memp strain. Bismarck brown Y, in Gel. HOH. Coccoid form with long slender 
filament with a M.R.U. at tip. Shows delicate cell wall and peripheral chromatin 
granules. 

28. Same. Filamented coccoid form with M.R.U. in filament. 

29. Same. Globular and bacillary forms. Note minute spherule at tip of filament. 

30. Same. Coccoid and bacillary forms. Note M.R.U. in filament. 

31. Schu strain. Hofmann’s violet, in Gel. HOH. Bacillary forms with unevenly dis- 
tributed chromatin. 

32. Russ strain. Bismarck brown Y, in saline suspension. Filamentously connected 
coccoid forms with M.R.U. within filament. 

33. Memp strain. Bismarck brown Y, in Gel. HOH. Coccoid and bacillary forms; some 
filamented with M.R.U. at tips of filaments. 

34. Same. Coccoid and bacillary forms. 

35. Same. Globules and dumbbell and coccoid forms, one filamented. Note peripherally 
distributed chromatin particles and minimal reproductive units within filaments. 
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may expand and eventually become globoid masses, thus accounting for the two 
sporangiosporelike bodies so often seen within globi. 

Sessile and filamentous budding were observed. Chains of coccoid or bacillary 
forms, or chains composed of irregular mixtures of these forms, occasionally 
showed considerable branching from one or more nodal budding sites. 

Minimal reproductive units were observed as suspended, discrete particles, at 
the termini of long or short filaments, and at various locations along the courses 
of filaments. Some small coccoid forms gave origin to a single short filament, 
which branched int o a cluster of fine terminal filaments, each with a minute unit 
at its tip. These minute units were formed within or on filaments produced by 
coccoid, bacillary, or globular forms. 

OBSERVATIONS OF INFECTED HEART BLOODS 

Examination of infected heart bloods revealed with certainty only the small 
coccoid forms. The suspended minute particles in shed blood, the presence of 
dcgerMTating blood cells, and filamentous structures derived from various cells 
nuide recognition of other microorganismal forms uncertain. 

MODES OF REPRODUCTION OF BACTERIUM TULARENSE 

Although we made frequent drawings of several strains at successive stages of 
growth, we could not consistently demoastrate a predominant morphologic phase 
at any time during the first 8 days. Even with very small inocula in gelatin 
hydrolyzate media it seemed that Jis soon as there were 15 to 20 organisms to the 
oil-immersion dark field a prolonged search would reveal at least one example of 
evciy form yet observed. Certain gross trends were noted. Large globi seldom 
developed before the third or fourth day unless the culture was incubated in an 
atmosphere of pure oxygen. Filaments, filamentous budding, and complex 
filamented chains seldom appeared before the third or fourth days. Early growth 
at room temperatures (24 to 26 C) was chiefly bacillary or mycelial in nature 
with frequent sessile budding. Filaments and filamentous budding appeared 
only after several days of growth, and were not frequent until the seventh day. 

Figure 2 illustrates the trend of morphologic changes during the first week of 
cultivation in gelatin hydrolyzate medium of strain Memp. All tubes contained 
5 ml of medium. The tubes for incubation at 37 C and at room temperature 
were each inoculated with 0.10 ml of a 24-hour liquid culture. The effect of an 
oxygen atmosphere was tested by inoculating similarly 7 other tubes of media, 
displacing air by pure filtered oxygen, pushing down the cotton plug, and sealing 
tube tops with parafilm. These tubes were incubated at 37 C. One tube was 
opened each day and swirled gently to resuspend any sediment; examinations 
were made of sealed cover slip preparations under dark-field illumination. 

At no time during the two-year period of study could we demonstrate repro- 
duction by binary fission. Since slide nucrocultures were seldom wholly satis- 
factory, possibly owing to obligate aerobic requirements of the organism, obser- 
vations on modes of reproduction were necessarily limited to inteimittent 
observations of cultures in gelatin hydrolyzate media. 
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Multiplication by budding was observed frequently, and this appeared to be 
the chief mode of reproduction. Both sessile and filamented buds were produced 
by bacillary forms, by refractile round filamentous forms, and by coccoid forms 
of all diameters from 0.45 m to the large globi of 3 to 3.5 ju. Buds often appeared 
on the cell walls at the sites of the clear circular areas previously described, often 
at 120® of arc apart. They developed into coccoid forms of the usual size or, 
occasionally, into short or long bacillary forms. Chains of coccoid forms oc- 
casionally developed from a single budding site. Some chains were formed by 



P"iG. 2. Illustrates certain developmental trends of strain Memp in gelatin hydrolyzate 
medium during the first 7 days of cultivation. The upper row represents observations of a 
culture incubated at 37 C. Small coccoid forms outnumbered all others. Filaments, fila- 
mented forms, and globules were frequent only after the fourth day. The middle row is 
from a similar culture incubated at 24 to 26 C. Mycelial or bacillary forms predominated 
until the fourth day. Budding from these forms was frequent. Globules appeared on the 
third day. The low'er row represents growth under an atmosphere of oxygen. Growth was 
heaviest in these tubes and predominantly the small coccoid form for 5 days. Thereafter 
bacillary forms and long filamented chains showed a marked increase. Sessile budding was 
frequent after the third day. Highly refractile bacillary forms capable of flexional move- 
ments are indicated by solid black. 

continuous sessile budding; others developed with filamentous linkage between 
members. Chains seldom exceeded a total of 4 or 5 units unless they were of 
the filamented type. From a small globus we saw terminal nonfilamentously 
chained coccoid forms break off, singly and in pairs. Thereafter the same globus 
sprouted two more buds at new sites about 120® of arc apart and resumed forma- 
tion of nonfilamented coccoid chains. There was considerable protoplasmic com- 
motion within the cell wall at the budding site, and six or seven rapid, outpouch- 
ing, and retracting movements were made through the cell wall before the bud 
finally remained outside. This process was repeated for each additional coccoid 
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form as it was added to the chain. Twenty to 30 minutes elapsed between 
delivery of each new bud. The protoplasm of the globus appeared to be con- 
sumed by the new forms, or converted entirely into them. After cessation of 
budding the residual globus consisted only of a delicate, lightly refractile, sphe- 
roidal, shrunken cell wall entirely devoid of refractile contents. We observed 
several examples of this type of budding from globoid forms of 1.5 to 3 /x in 
diameter. 

One example of filamentous budding was observed. The globus was about 3 /x 
in diameter. It added a minute, solid, spherical, coccoid form, by exinision, 
to a long filamented chain that already consisted of two 0.5 /x coccoid forms, a 
long bacillary form, and a long terminal filament. Here, again, it requirc’d 5 or 
0 intermittent, vigorous, outpouching or extnisive movements through the cell 
wall at the site of junction with the fine filament, each outthrust apparently 
surrounding and enclosing the proximal end of the filament before the new 
spherule was delivered to a permanent place on the filamented chain. 

Formation of fine filaments was not observed despite prolonged anticipatoiy 
seaich. Marked organisms without filaments were noted at later intervals to 
po.^sess one or more of them, but the act of formation was not seen. This was 
true also for the development of minimal reproductive units. Filaments without 
tliem were noted later to have one or moie minute condensed areas along their 
lengths or at their tips. Further observations demonstrated clearly that the 
filaments increased slowly in length, and that the minimal reproductive units 
enlargcul to form sphendes, coccoid forms, bacillar^' forms, and even larg(' globi. 
This w'as tme both for filaments that had and had not been broken off by Brow n- 
ian movement from the generative foim. It appeared almost certain that, separa- 
tion of coccoid or bacillaiy forms, due to forces exerted by Brow nian motion or 
by manipulation of culture^:?, resulted in formation of filaments. Most long 
filaments are undoubtedly so formed, and it is possible that all are made in this 
manner. Both organisms and filaments adhere readily to glass surfaces. 

F ormation of minimal reproductive units was inferred from prolonged inter- 
mittent observations of living cultuius. Though they lack the continuity that is 
necessary to (.establish certainty, we regard our serial draw ings, collected in figure 
3, avS a reasonably good approximation of events. The figure also lupresents 
progressive development of minimal reproductive units into larger fonns. 

One variety of small spheroidal forms ahvays had a dense, central, highly 
refractile body that stained solidly and deeply with the supravital d^'^es. Further 
development of this form alw’^ays resulted in radial peripheral budding, as indi- 
cated in the upper and next to bottom row’s of the right-hand column in figure 3. 
One is also shown at the bottom of 29 in plate 11. The development of this un- 
common, centrally nucleated form w^as observed in liquid media as well as in one 
aeries of slide microcultures stained at intervals with Bismarck brown Y. 

The forms shown at 18 and 22 in plate I, the middle form of 29 in plate II, 
and 6 and 10 in plate III, all consist of globi containing 2 densely staining coccoid 
or ovoid bodies about 0.5 /x in diameter. Such globi may or may not possess 
additional chromatin material. The forms shown in plates II and ill strongly 
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suggest the appearance of sporangia, each containing two sporangiosporcs. Tiie 
one photographed and shown as 6 in plate III was studied for a long time, but 
it was not possible to be sure whether the globus had budded from the chain of 
coccoid forms or the chain had been produced by the globus. Nor were .we able 
to determine this relation in other examples. The number of enclosed bodies 
was always two. 
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Fig. 3. The left-hand column illustrates progressive development of various forms from 
minimal reproductive units as inferred from many series of intermittent observations. It 
also indicates certain modes of production of those minute units. Development of addi- 
tional forms from the predominant 0.45 m coccoid form is shown at the right. The suggested 
development of the sporangiumlike body, in the sixth row, is purely conjectural and pos- 
sibly incorrect. All other drawings were based on actual observations. In all cultures it 
seemed that these various modes of reproduction were operative concurrently. 


These preliminary studies indicate that Bacterium tularenae is ‘‘polygen- 
ethodic,'' possessing multiple modes of reproduction. 

DISCUSSION 

As knowledge of natural and experimental tularemia, and information about 
the causative agent, accumulated during recent decades it became increasingly 
apparent that the concept of Bacterium iularense as an ordinary bacterium, 
classified usually as Pasteurella iularensis, was inadequate to account for the 
known facts and relations. The organism has obligate requirements for cystine 
and for an unidentified protein derivative and, until recently, was incapable of 
multiplication in any liquid medium. Filtration experiments with tested earth- 
enware filters showed that about half of all filtrates were infective for rodents 
and that no exotoxin was formed. The agent passes the normal unbroken skin 
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or mucosa, and has a high degree of virulence or infectivity. Light suspensions 
of virulent strains, of usual agglutination antigen turbidity, will sometimes kill 
20 to 25 per cent of mice or guinea pigs in dosage of 0.5 ml of a 10~^^ dilution. 
The number of natural animal hosts is large, including many rodents, birds, 
reptiles, amphibia, felines, canines, and marsupials. The number of insect and 
arthropod hosts and vectors is large. Steinhaus (1942) lists 52 insects and 
arthropods associated in some manner with this organism. Three ticks are good 
biologic hosts, transmitting the organism via their eggs, larvae, and numphs to 
adults of the next generation. It is further transmitted among adults by copu- 
lation. Within ticks the organism grows both in extra- and intracellular loca- 
tions. In rodents intracellular multiplication also occurs; it is best seen in the 
hepatic cells of the mouse where large pseudocysts are eventually formed, but 
it is also noted in hepatic cells of the hamster and guinea pig, in pulmonary 
macrophages of several rodents, and in splenic vascular endothelium and lymph 
node reticular cells of mice. The disease is highly fatal for most rodents, but 
causes low mortality and prolonged morbidity in man, leaving recovered indi- 
viduals with an amazingly solid immunity against subsequent exposures. Senim 
agglutinins acquired by infection persist for the remainder of life of the recovered 
patient. Practically all attempts to provoke active immunity in rodents with 
light and dense suspensions of bacteria killed by various means have failed to 
demonstrate any notable resistance to experimental infection against a single 
M.L.D. of a highly virulent strain. Similarly, hyperimmune sera produced in 
large animals by inoculation of killed or living cultures of titred high vimlence 
have consistently failed to protect mice or guinea pigs against a single M.L.D. 
of a challenge strain of high virulence. 

Knowledge of the morphology of the organism offers possible solutions to only 
some of the problems raised by the above statements. Nevertheless, the findings 
presented here, easy to confirm by simple methods of study, emphasize anew the 
necessity for reorientation of concepts concerning tularemia and the ecologic 
and biologic characters of its causative agent. 

Since the morphologic units of Baderium tularcnse consist of coccoid and 
cylindrical bacillary forms, flattened bacillary forms, globules and globi, fila- 
ments, and minimal reproductive units, and since the organism possesses several 
modes of reproduction and multiplies in cell-free media, but not in media devoid 
of protein or protein derivatives, this microorganism satisfies most of the criteria 
for classification in the pleuropneumonia group. Satisfactory evidence for filtra- 
bility of the minimal reproductive units, size of particles, and developmental 
forms of these units in animals and in culture media is not offered here. Some 
evidence that has been obtained will be presented separately. Examination of 
our photomicrographs and drawings will demonstrate that certain forms of 
Bacterium tularense bear striking resemblances to various organisms of the 
pleuropneumonia group as they are depicted in studies by Ledingham (1933), 
Klieneberger (1934), Turner (1935), and Sabin (1941). Our study of a recently 
isolated strain of Sireptobadllus moniliformis by similar methods showed some 
forms which we could not differentiate morphologically from certain Bacterium 
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tularense forms. The Li microorganism derived from this culture resembled 
Bacterium tularense more closely. Similar resemblances are also apparent in the 
photomicrographs by Brown and Nunemaker (1942). The similarities are only 
partial, existing for only certain forms of these highly polymorphous microorgan- 
isms. Our plates also demonstrate morphologic features apparently unique for 
Bacterium tularense. 

Although these studies indicate that Bacterium tularense should not be included 
in the Pastcurella or Brucella genera, we are not proposing a new generic name 
for it. We believe it is more closelj'' related to the pleuropneumonia group than 
to any other group clearly defined at present, but that certain of its apparently 
unique morphologic features, herein described and photographed, set it apart 
from this group as it is now constituted. We think that creation of a new 
generic name now would be premature and based upon insufficient knowledge of 
this group and its relatives. We suggest postponement until these relations can 
be more clearly defined. Until then we believe that the more noneommital name. 
Bacterium tularense j is the one of choice and that Pasteurella tularensis, Brucella 
tularensis, and Coccobacierium tularense should be declared invalid. We further 
suggest that when an appropriate generic name is adopted, the proper gender 
form of tularense be retained as the specific name. 

SUMMARY 

Bacterium tularense is an extremely polymorphous microorganism. It pos- 
sesses neither capsules nor flagella, and is nomnotile. Its morphologic units 
include globi and globules, flat and cylindrical bacillary forms, coccoid forms, 
delicate filaments, and minimal reproductive units. Many forms, under certain 
conditions of staining, reveal prominent, thick cell walls. The cell wall is, of 
coursck, an integral structural unit with no relation to degree of invasiveness or 
virulence. All 43 strains were morphologically identical. We found no mor- 
phologic feature to differentiate a virulent from a nonvirulent strain. All strains 
seemed to possess multiple modes of reproduction, and budding was apparently 
the chief one. Division by binary fission was not observed, though it may occur. 
Although the organism seems to be related to the pleuropneumonia group, per- 
haps only distantly related, we suggest postponement of taxonomic efforts until 
the members and relations of this group are better defined. For the present we 
urge invalidation of the terms, Pastcurella tularensisj Brucella tularensiSj and 
Coccobacierium tularense, and retention of Bacterium tularense as the most suitable 
temporary designation. 

ACKNOWLEDGMENTS 

We are grateful to Dr. Edward Francis for supplying 22 strains of Bacterium 
tularense. 

Our associate. Dr. Joseph T. Tamura, kindly supplied us with English transla- 
tions of 12 papers published only with Japanese texts. 

This work was supported in part by the Craig Yeiser Memorial Fund. 

REFERENCES 

Bbown, T. M., AND Nunemakbb, j. C. 1942 Rat-bite fever: A review of the American 

cases with reevaluation of etiology; report of cases. Bull. Johns Hopkins Hosp., 70, 

201-326. 



MORPHOLOGY OF BACTERIUM TULARENSE 


231 


Churchman, J. W., and Emelianoff, N . V. 1933 A study of the bacterial capsule by new 
methods. J. Exptl. Med., 67, 485-510. 

Galli-Valihuo, B. 1938 Observations sur Tagent sp^cifique de la tular6mie (Cocco- 
bacterium tularense (McCoy et C'hapin) Galli-Valerio). Schweiz, mod. Wochensch., 
68. J20G-1209. 

KLiENEBKiiGER, E. 1934 The colonial development of the organisms of pleuropneumonia 
and agalactia on scrum-agar and variations of the morphology under different condi- 
tit)ns of growth. J. Path. Bact., 39, 409-420. 

Kobayasiii, T., Kawakami, F., and Ota, I. 1936 Staining of Bacterium tularense and 
flagella by Victoria blue (4R). Kokumin Eisei, 13, 43-52. 

Ledin(;ham, j. C. G. 1933 The growth phases of pleuropneumonia and agalactia on 
liquid and solid media. J. Path. Bact., 37, 393. 

McC\)y, G. W., and Chapin, W. 1912 Further observations on a plague-like disease 
of rodents with a preliminary note on the causative agent, Bacterium tularense. J. 
Infectious Diseases, 10, 61-72. 

Ohara, II., Kobayasiii, T., and Kirno, J. 1935 A study on pleomorphisin of Bact, 
tularense (“Yato-Byo’* bacteria, Ohara) and their special flagellum. T6hoku J. 
Exptl. Med., 26, 52o430. 

Ohara, IT. 1940 Bacterium tularense and *^Yato-Byo’* bacteria. Proc. Third. Internat. 
(’ong. Microbiol., 078-679. 

Ota, 1. 1930 Morphologic studies of Yato-Byo bacteria and Bacterium tularense^ espe- 
cially flagella staining. Kokumin Eisei, 13, 207-309. 

Sabin, A. B. 1941 The filtrable microorganisms of the pleuropneumonia group. Bact. 
Revs., 6. 1-68. 

Stkinhaus, K, a. 1942 Catalogue of bacteria associated extracell ularly with insects and 
ticks. Burgess Pub. (/O., Minneapolis, 

Tamura, j. T., and Gibby, I. G, 1943 Cultivation of Bacterium tularense in simplified 
licluid media. J. Bact., 46, 361-371. 

Tuknp:r, a. W. 1935 A study of the morphology and life cycles of the organism of pleuro- 
pneumonia contagiosa bourn (Borrclomyces peripneumoniae nov. gen.) by observation 
in the living state under dark-ground illumination. J. Path. Bact., 41, 1-32. 




SOME OBSERVATIONS ON THE FILTRABILITY OF BACTERIUM 

TULARENSE 

LEE FOSIIAY and W. HESSELBROCRi* * 

Department of Bacteriology y College of MedicinCy University of Cincinnati , and the Cincinnati 

General Hospital 

Received for publication September 5, 1944 

Throughout our morphologic study of Bacterium tularenne in liquid medium 
cultures we noted constantly the presence of very minute forms (Hesselbrock 
and Foshay, 1945). These appeared to grade downward in size from the most 
prevalent coccoid or ring forms of about 0.5 m in diameter to bodies so small 
that neither size nor shape was discernible. Such particles were never seen in 
uninoculated media, cither before incubation or for 90 hours thereafter. Some 
particles were discrete and fre(4.y suspended; others were attached by delicate 
short filaments to larger morphologic units. Many additional ones were seen 
lying in, and apparently arising within, delicate filaments of variable length. 
The number of discrete particles was never large at any time in any of the many 
culturtts that were examined. Single particles in suspension, as well as those 
filamentously attached or interconnected, stained a brick>rcd color when siipra- 
virtally stained ^vith 2 per cent aqueous malachite green, whereas all large 
morphologi(i units stained green . None of six other common pathogenic bacteria, 
cultivable in the same mc^dium, produced particles of this size. Prolonged 
intermittent observations of cultures, although inadequate to establish the fact, 
suggested strongly that these particles were capable of reproducing all other 
forms of this pleomorphic organism and, apparently by means of larger units, of 
reproducing themselves. Our provisional interpretation was that they repre- 
sented tnie morphologic units of Bacterium tularenscy possibly to some degree 
analogous in size and function to the minute elementary bodies formed by 
organisms of the pleuropneumonia group, appropriately called minimal repro- 
ductive units, M.R.U, (Sabin, 1941). 

It has long been known that virulent strains of the organism sometimes, in 
about one half the recorded trials, pass Berkefeld, Chambcrland, and Seitz 
filters. \Vc cannot find reports on the morphology of the units that passed the 
filters, but our observations suggested that the provisionally designated M.R.U. 
might have accounted for the infectivity of the filtrates. To test our views we 
used gradocol membranes for ultrafiltration of virulent cultures. 

MATERIALS AND METHODS 

Two equally virulent strains were used. Throughout the 21 months during 
which filtrations were spaced, frequent titrations in white mice gave LDbo titers 
between 9.3 and 9.5. Infrequent tests in rabbits, using suspensions of T-800 X 
lO""® dilution (initial turbidity equivalent to that of the standard U.S.P.H.S. 
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agglutination test suspension), killed all animals within 6 days. Two filtrations 
were performed after cultivation for 48 and 72 hours, respectively, in a gelatin- 
hydrolyzate glycerol cystine liquid medium. The third filtration was performed 
with a pooled saline suspension of growths from 4-, 6-, and 6-day cultures on 
blood glucose glycerol cystine agar. All initial turbid suspensions were cleared 
by centrifugation before passing the supernatants through the preliminary’' 
screening membranes. 

Original Elford gradocol membranes were used with low positive nitrogen 
pressure. Immediately prior to filtration all membranes were satisfied by passing 
about 12 ml of beef heart infusion broth of pH 7.7. The entire culture super- 
natant was then filtered through a coarse membrane. The first liquid culture 
and the solid media culture supernatants were screened through membranes of 
900 mil A.P.D. After removing samples the filtrates were divided, and equal 
portions were simultaneously filtered through membranes of 000, 500, 400, and 
300 mfj, A.P.D. The second liquid culture supernatant was screened through a 
770 m/x A.P.D. membrane, then treated as were the others. The major portion 
of each filtrate was obtained by gravity filtration. Pressures of 2 Ib/sq in were 
applied until filtration ceased ; then terminal pressures of 10 Ib/sq in were ap- 
plied to ensure completion. Inspection of all membranes after filtration revealed 
no defects. 

Samples of each filtrate were treated as follows : Large loopfuls wore examined 
by dark-field illumination; from 0.20 to 1.0 ml amounts were inoculated into 
duplicate series of gelatin hydrolyzate medium; large loopfuls were transfcrre<l to 
slants of blood glucose glycerol cystine agar in duplicate; either 0.5 or 1.0 m\ 
was inoculated intraperitoneally into groups of 5 or 10 mice each; and from 0.1 
to 1 .0 ml was cultured on 20 per cent semm agar and in 20 and 30 per cent 
serum broths. Two preliminaiy screening filtrates, one each from 900 mu and 
770 niM A.P.D. membranes, were titrated for numbers of infective units by intra- 
peritoneal inoculation into mice of 0.5 ml quantities of ascending twofold 
dilutions. 

Necropsies were performed on all mice that died. Heart blood cultures were 
made and a portion of each liver was removed for histologic study. The con- 
stancy with which this disease produces characteristic lesions in the mouse liver, 
hepatic cell pseudocysts filled with bacteria, and typical foci of necrosis makes 
this organ an extremely reliable one for detection and verification of tularemic 
infection. 


EXPERIMENTAL OBSERVATIONS 

Solid medium cultures. The supernatant of pooled solid medium cultures gave 
evidence of passing only the 900 m/x A.P.D. membrane. All mice inoculated 
with this filtrate died on the third day ; they yielded heart blood cultures pure for 
Bacterium tularense, and liver sections that showed typical tularemic lesions. 
Cultures were readily obtained from solid and liquid media that contained cys- 
tine. All cystine-free media remained sterile despite careful search for pleuro- 
pneumonialike organisms. The filtrate was unexpectedly rich in infective units, 
killing all mice in our hipest dilution so that an end point was not secured. 
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Filtrates from 600, 500, and 400 A.P.D. membranes remained sterile after 
cultivation in all media, and failed to kill any mouse of lots of 10 each, inoculated 
intraperitoneally in 1.0 ml amounts. 

Liquid medium cultures. The culture supernatant that was screened through 
a 900 mix A.P.D. membrane yielded infective filtrates from the 900 and GOO m/x 
A.P.D. membranes but not from membranes of lesser A.P.D. Discrete particles 
were obsei-ved by dark-field illumination only in the two filtrates that later 
proved to be infective. With the minimal inocula stated above, all filtrate cul- 
tures remained sterile. The 900 m/x A.P.D. membrane filtrate was not titrated 
for infectivity. All of 10 mice inoculated with 0.5 ml each of this filtrate died; 
they jdelded heart blood cultures positive for Bacterium iularense, and liver sec- 
tions with typical tularemic lesions. Of 10 mice each inoculated with 0.5 ml 
of the GOO m/i A.P.D. membrane filtrate, 4 died with evidences of tularemia. 
Two of these gave heart blood cultures pure for Bacterium iularcnsc, and liver 
sections that were typical for this infection. The other two gave heart blood 
cultures positive for Salmonella, and liver sections characteristic for “mouse 
typhoid'’ but with a few tularemic lesions also. Of the remaining G mice, those 
that died were shown by cultures and sections to have died of Salmonella infec- 
tion, Neither cultural nor histologic evidence of tularemia was found for any 
dead mouse inoculated with a filtrate from a membrane with an A.P.D. smaller 
than G(X) m/x. 

The culture supernatant that was screened through a 770 niju A.P.D. mem- 
brane yielded a cultivable and infective filtrate only from the 770 m/x A.P.D. 
membrane. Direct cultures grew Backrhim tvlarcnse but no other organism. 
All of 10 mice each inoculated with 0.5 ml of this filtrate died; they yielded heart 
blood cultures positive for Bacterium iularensc only, and liver sections with 
characteristic tularemic lesions. Titmtion of this filtrate for infectivity, in 
serial twofold dilutions in lots of 5 mice each, revealed that the 1:4 dilution 
killed exactly 50 per cent of the mice. Except for one death by accidental 
trauma, all mice, 10 in each lot, survived inoculation with filtrates from mem- 
branes of GOO, 500, 400, and 300 m/x A.P.D. 

Morphology of cultures derived from filtrable forms. The tw^o cultures derived 
from heart bloods of mice inoculated with filtrate from a membrane of GOO m/x 
A.P.D. w^ere subjected to morphologic study by methods previously dcwscribcd. 
Each culture developed all morphologic units previously found to be constant 
and characteristic for the species — coccoid and ring forms, flattened and rounded 
bacillary forms, globules, filaments, and minimal reproductive units both solitary 
and filamentously attached and interconnected (Hesselbrock and Foshay, 1945). 

Pathologic changes in livers of white mice. When mice are fatall}^ infected by 
the ocular or cutaneous routes with whole cultures or with infected tissues, or 
by subcutaneous or intraperitoneal injections of moderate to large inocula of 
culture suspensions, the characteristic pathologic changes in the livers are (1) 
numerous foci of necrosis with extensive karyorrhexis and (2) a small to moderate 
number of pseudocysts, swollen hepatic cells completely filled with Bacterium 
Udarense. 

All mice fatally infected by membrane filtrates showed a reversed ratio of 
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these hepatic features, numerous large pseudocysts and few to moderate numbers 
of necrotic foci. This remarkable alteration in liver lesions was not ascribable to 
the nature or size of the infecting morphologic unit but probably to the number 
since identical changes were consistently produced by inocula of suspensions of 
whole cultures in serial decimal dilutions from 10~® upwards. 

DISCUSSION 

Our original aim to determine critically the dimensional limits of the M.R.U. 
remains unfulfilled and is reluctantly postponed due to current conditions of 
work. Nevertheless it was demonstrated that morphologic units that passed a 
600 m/i membrane but not a 500 ium membrane, and hence were in the range of 
300 to 350 m/i in diameter, were infectious, and that their development resulted 
in the complete series of morphologic units now known to be characteristic for 
Bacterium tularense. At no time, from either cultural or animal sources, were 
we able to demonstrate the presence of any associated or concomitant micro- 
organism other than the easily identified ^^contaminants” from mice. 

Since 0.5 ml of a 1:4 dilution of a 770 m/i membrane filtrate was thoLDw 
dose, it is apparent that our cultural conditions did not yield filtrates rich in 
M.R.U. A true estimate of the size of the smallest units will require filtrates 
containing many more M.R.U. Since a large proportion of M.R.U. observed at 
any time during 8 days of cultivation in gelatin hydrolyzate medium was always 
found to be within filaments, or filamentously attached to larger morphologic 
units, the cultural needs are those that will yield a high proportion of discrete 
particles of the smallest size. Knowledge of the rate of development of M.R.U. 
to larger units is also desirable. 


SUMMARY 

The filtrable form of Bacterium tularense in gradocol membrane filtrates of 
gelatin hydrolyzate medium cultures of highly virulent strains produced tula- 
remia in the highly susceptible mouse and was recoverable in the form of larger 
morphologic units by heart blood cultures. These filtrable forms were approxi- 
mately 300 to 350 mju in diameter. We are reasonably sure that minimal repro- 
ductive units of smaller size exist, and that accurate measurement will require 
better cultural conditions than those hitherto obtained. Morphologic studies of 
cultures obtained from mice inoculated with filtrates demonstrated that the 
filtrable units were capable of development into all other morphologic units 
known for this organism. 
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The results obtained by Morton and Engley (1944) on the protective action 
of dysentery-phage against experimentally induced infections in white mice with 
Shigella parody smteriae, variety Flexner, demonstrated that the experimental 
animals were protected when the ratio of dysentery-phage particles to \'irulent 
dysentery bacilli was of the order of 1 to 8. If the protective action of dysentery- 
phage in vivo is due to lysis of the dysentery bacilli by the dysentery-phage, the 
protective action is difficult to explain unless the amount of dysentery-phage 
within the animal’s body increases during the course of the infection. Our 
results show the latter docs occur. 

During the course of our studies two reports appeared which corroborated our 
findings. Rakieten and Rakieten (1943) reported that the survival of cliick 
embryos infected mth Shigella parody senteriae, Flexner, was associated with an 
increase in the amount of dysentery-phage in the embryos. Dubos, Straus, and 
Pierce (1943), working with Shigella dysenteriae infections in mice, demonstrated 
an increase in the amount of dysentery-phage in the infected mice. 

Krueger and Scribner (1941) interpreted a portion of the results reported by 
Nungester and Watrous (1934) as indicating that 4 hours after the injection of 
bacteriophage into the animal body only 0.04 per cent remained in the circu- 
lating blood. Only 1 out of 4 rats showed the pre.scnce of bacteriophage in its 
blood, and Krueger and Scribner took one-fourth of the titer of the one rat for 
the basis of their statement on the rapid elimination of bacteriophage from the 
animal body. Such a general statement cannot be made on the basis of so few 
experimental animals. 

The purposes of our investigations were to determine (1) how rapidly our 
strain of dysentery-phage was eliminated from the circulating blood of white 
mice and (2) if there was an increase in the amount of dysenterj^-phage in the 
blood of the experimental animals during the course of infection with dysentery 
bacilli. We found that the dysentery-phage gradually disappears from the 
circulating blood within a period of about 1 week. During the course of infection 
with phage-susceptible dysentery bacilli, the titer of dysenteiy-phage markedly 
increases in the blood of the experimental animals. 

EXPERIMENTAL 

In the experiments to be described cultures of Shigella parody senteriae, varieties 
Flexner X-S45 and Newcastle, were used to produce the experimental infections. 
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Young white Swiss mice weighing 17 to 20 grams were used as experimental 
animals. The intraperitoneal injection into mice of the organisms suspended in 
5 per cent gastric mucin produces in a few hours a bacteremia which terminates 
fatally in 24 to 48 hours. When suspended in 5 per cent gastric mucin, 4 bacilli 
constitute a minimum lethal dose. 

The bacteriophage preparation used was propagated for several generations 
against cultures of the X-S45 organism. Filtrates were obtained as follows: 
About 150 ml of trj'^ptonc glucose yeast-extract broth were placed in a 250-ml 
centrifuge bottle and inoculated with 2 ml of an overnight culture of the X-S45 
organism. The bottle was then placed in a 37 C water bath for 2 hours, air 
being bubbled constantly through the growing culture. After 2 hours of incu- 
bation the culture was removed from the water bath and inoculated with 2 ml 
of the stock homologous bacteriophage. The culture was then replaced in the 
water bath and kept there for 5 hours, air being bubbled through it constantly. 
The bottle was then removed from the bath and centrifuged at about 3,500 rpm 
for 20 minutes. The supernatant was filtered through fritted pyrex glass 
filters and the filtrate asepticallj" dispensed into bottles and placed immediately 
in the refrigerator. The titer of each lysate was determined 21 to 48 hours 
after preparation by plaque enumeration on 2 per cent extract agar plates. The 
plaques were counted after overnight incubation of the plates at 37 C. I’he 
filtrates used in the experiments were: LP X-S45 no. G (5 X 10^® particles per 
ml), LP X-S45 no. 7 (1.4 X 10^ particles per ml), and LP X-S45 no. 8 (4.8 X 
10® particles per ml). 

The blood level of the bacteriophage in normal and infected animals was de- 
tennined by bleeding from the heart., using |-inch, no. 23 or 24 gauge needles 
and l--ml (tuberculin) syringes. The syringes and needles were sterilized in boil- 
ing water and were allowed to dry before use. 

Either 0.1 or 0.2 ml of blood were withdrawn from the heart, and initial dilu- 
tion of 1 /1 0 was prepared in a young broth culture of the ^‘X’^ organism. Appro- 
priate dilutions were made and 0.2 ml of each dilution were placed on the surface 
of an agar plate and spread with a sterile, bent glass rod. (Dilutions were made 
with 1-ml pipettes, a different pipette being used for each dilution.) The plates 
were incubated overnight and examined the following day or placed in the 
refrigerator after incubation and examined within the next 48 hours. When very 
small amounts of phage were to be expected, sometimes as much as 0.5 ml of 
each dilution was spread on the surface of the agar plate. 

Experiment L A group of 18 mice received intrapcritoneally 1 ml of a culture 
of the X-S45 organism diluted in gastric mucin. The actual amount injected 
was 0.2 ml of a 1 0~^ dilution of the culture suspended in 0.8 ml of mucin. Simul- 
taneously the mice were given 1 ml of a homologous phage (5 X 10^® particles) 
intrapcritoneally. At the same time an equal number of mice received the 
injection of dysentery-phage only. (All of the 3 normal mice which received 
the injection of organisms only were dead within 24 hours.) 

An equal number (usually 3) of both the infected and the control mice were 
bled at intervals of 3, 9, 24, 48, 72, and 96 hours after receiving the injections. 
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The blood level was determined and the average for each group was obtained. 
The results are tabulated in table 1 . 

The results of this preliminary experiment, shown in table 1, give only slight 
indication of multiplication of bacteriophage in vivo among the infected animals. 
There is some indication, however, that the phage increased in amount and was 
retained for a longer period of time in the blood of the infected animals. The 
appearance at the 3-hour interv^al of less dysentery-phage in the circulating blood 
of the infected mice as compared with the normal mice suggested that the 
dysentery-i)hage may have been fixed by the dysentery bacilli in the peritoneal 
cavity. The following experiment was devised to determine if this occurred. 

Experiment 2, Forty-eight white mice, w^eighing 17 to 20 grams each, were 
given 1 X 10® particles of dysentery-phage intraperitoneally. Another G mice 
w^ere kept as normals. The titer of the dysentery-phage in the blood was de- 
termined (as previously outlined) 24, 48, 72, and 9G hours after the injection of 
dyseniuiy^-phage. At the 9G-hour interval 9 mic^e were injected intraperitoneally 
each with 127 M.L.L). of the X-S45 organism in 5 per cent mucin; 9 mice received 

TABLE 1 

Average riumh^T of dyscntvry-phage particles per ml of hhmd after the iniraperitoiieal injection 


IMh INTr.RVVL \FTrR 

of ,5 X /O*® particles of dijsenierij -phage 

^VLRAM riuot TllI R FOR | AVI R \Cl PHAGl' IITKR FOR 

1 NO O? MICK BLED 

INJUTION 

IHl NORMAL MUi: 

j riiK INFFf'tr.O MKT. 

hours 

3 1 

1.5 X W 

1 9.0 X 10« 

3 

9 

2.<S X 10« 

* 4.5 X 10« 

I 

24 

2.4 X 10* 

! .SOX U)« 

! 

48 

2.3 X lO** 

! 1.0 X 10' 

i 3 

72 ^ 

5,8 X HP 

b 

X 

o 

1 2 

96 

C.2 X UP 

j 5.0 X 103 

! ^ 


I I 


mucin onl}', and 0 mice received 44() M.L.D. of a Newcastle strain of Shigella 
paradyscnleriac not lysed by the dysenterj'-phage in vitro. 

Three of the normal mice received 127 M.L.D. of the X-S45 organism and the 
remaining 3 received 446 M.L.D. of the Newcastle strain. These served as con- 
trols for virulence of the organisms. All 6 mice were dead tvithin 24 hours. The 
results of this experiment are shown in table 2. 

As may be seen from the data in table 2, the injection of the homologous 
organisms at a time when the dysentery-phage level in the blood had decreased 
to 200 particles per ml produced a rise in the blood level to an average of 16,000,- 
000 particles per ml in 24 hours. This means that the number of particles had 
increased 80,000 times during this period. Seventy-two hours after the injection 
of the bacteria, the dysentery-phage level was still high, 5,300 particles per ml 
of blood. 

On the other hand, in the group of mice which had received dysentery-phage 
but subsequently did not receive any organisms, the dysentery-phage level in 
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tibe blood decreased from the time of injeclion until it could no longer be detected 
with the dilutions employed after 144 hours, being less than 50 particles per ml. 

The mice injected with mucin alone (96 hours after having recdved the injec- 
tion of dysentery-phage) showed no increase in the number of particles in the 
blood. The average number of particles for each of the different groups of mice 
which received only mucin could not be determined since 6 of the total number 
of 9 mice showed less than 50 particles per ml of blood. 

TABLE 2 


Blood level of dysentery-phage in control mice, in mice infected with phage-atieeeptible dysentery 
bacilli (X-S45), and in mice infected with dysentery bacilli not susceptible to the lytic 
action of the dysentery-phage (Newcastle strain) 


BtXEDING TIME 
AVTEK INJECTION 
Ot DYSENTEEY- 
FHAGE 

NUUBEE OF DYSENTEEY* 
PHAGE PARTICLES PER 
ML OF BLOOD IN MICE 
INJECTED WITH 
DYSENTERY-PHAGE 
ONLV 

NUMBER OF DYSENTERY- 
PHAGE PARTICLES PER 
ML OF BLOOD IN MICE 
INJECTED WITH X-S45 
ORGANISMS^ 96 HOURS 
AFTER INJECTION OF 
PHAGE 

NUMBER OF DYSENTERY- 
PHAGE PARTICLES PER 
ML OF BLOOD IN MICE 
INJECTED WITH NEW- 
CASTLE ORGANISMS, 96 
HOURS AFTER INJECTION 
OF PHAGE 

NUMBER OF DYSENTERY- 
PHAGE PARTICLES PER 
ML OF BLOOD IN MICE 
INJECTED WITH MUaN, 
96 HOURS AFTER INJEC- 
TION OF PHAGE 

hr 

24 

26,000,000 phage 
particles/ml 
blood 




48 

(no results; 
wrong dilu- 
tions used) 




72 

940 




96 

200 




120 

670 

16,000,000 

180 

800 (1 mouse) 
<50 (2 mice) 

144 

50 

11,800 

all mice dead 

150 (1 mouse) 
<50 (2 mice) 

168 

<50 

5,300 


100 (2 mice) 
<50 (1 mouse) 


In the group of mice infected with the Newcastle strain only 2 mice remained 
aUve 23 hours after the injection of organisms. The dysentery-phage level in 
the blood of these 2 mice did not show any increase in titer when compared with 
the titers of the control mice bled at the same time. This was in marked contrast 
to the rise in titer in the mice which had been injected with phage-susceptible 
organisms (the X-S45 strain), as is illustrated in figure 1. 

Experiment S. This experiment was a repetition of experiment no. 2 but with 
slight alterations. Before the experiment was started, 2 white mice were in- 
jected with 1 ml of a 10~^ dilution of a culture of the X-S45 organism in mucin. 
The culture in this dilution gave a count of 292 organisms per ml or about 73 
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M.L.D. The mice were bled from the clipped tail at intervals of 15, 30, 60, 90, 
and 180 minutes after inoculation. A drop of blood from each was diluted in 
0.5 ml of broth and plated on MacConkey's agar. The organisms were shown 
to be present in the blood stream as early as 1 hour after inoculation. 

In order to find out how long it took for the dysentery-phage to increase in the 
blood after the injection of organisms, the intervals of time were altered in this 
experiment. The mice receiving dysentery-phage alone were bled 3, 12, 24, 72, 
96, 120, 144, and 168 hours after the injection of the dysentery-phage. The 
group of mice whicli received organisms 96 hours after the injection of the 
dysentery-phage were bled 3, 12, 24, 48, and 72 hours after injecting the organ- 
isms. Thus, there was a parallel series from the 3- to the 72-hour intervals. 

LOS Of liho mnfbor of 
|lwSO portioloo por 
Bl of blood 



Fig. 1. The Average Number or Dysentery-Phage Particles per Ml of Blood in 
White Mice as Given in Table 2 

normal mice; mice injected after 96 hours with phage-susceptible 

dysentery bacilli; X-Si5 strain; mice injected after 96 hours with phage-resistant 

dysentery bacilli, Newcastle strain. 

The mice inoculated with the homologous organism (X-S45) received only 
68 M.L.D. in this experiment, which might serve as an explanation for the pro- 
portionally smaller rise in the blood level of bacteriophage in this expeiiment as 
compared with that in experiment no. 2. 

The mice inoculated with the Newcastle strain (which was not susceptible in 
vitro to the bacteriophage used) received an estimated 166 M.L.D. of the organ- 
ism. The titer of the bacteriophage was 4.8 X 10* particles per ml. 

Organisms recovered from the blood of the mice which received both the 
injection of the X-S45 organism and the homologous bacteriophage, employing 
the technique of Kligler, Oleinik, and Czazkes (1943), gave the biochemical reac- 
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TABLE 3 


Blood leveCof bacteriophage in control mice, in mice infected with phage-sueceptible dysentery 
bacillil(X-S46) and in mice infected with dysentery bacilli not susceptible to the lytic 
action of the dysentery -phage (Newcastle strain) 


BLEEDING TIME AFTER 
INJECTION OF 
DYSENTERY-FHAOE 

NUMBER OF DYSENTERY- 
PHAGE PARTICLES PER ML OF 
BLOOD IN MICE INJECTED WITH 
DYSENTERY-PHAGE ONLY 

NUMBER OF DYSENTERY- 
PHAGE PARTICLES PER ML OF 
BLOOD IN MICE INJECTED WTIH 
X-S45 ORGANISMS. 96 HOURS 
AFTER INJECTION OF PHAGE 

NUMBER OF DYSENTERY-PHAGE 
PARTICLES PER ML OF BLOOD 
IN MICE INJECTED WITH 
NEWCASTLE ORGANISMS, 96 
HOURS AFTER INJECTION OP 
PHAGE 

hr 




3 

120,000,000 



12 

80,000,000 



24 

17,000,000 



72 

11,000 



96 

560 



99 

not tested 

no plaques seen 

not tested 

108 

not tested 

9,800 

150 (1 mouse) 

120 

460 

130,000 

1,000 (1 mouse) 




<200 (2 mice) 

144 

200 

1,300 


168 

60 

300 



lx>c of tha nuiiA>«r of 
phage particles per 
sU, of blood 



Hours after lajsotion 

Fig, 2. The Average Number of Dysentery-Phage Particles per Ml of Blood in 
White Mice as Given in Table 3 

normal mice; mice injected after 96 hours with phage-susceptible 

dysentery bacilli, X-S45 strain; mice injected after 96 hours witn phage -resistant 

dysentery bacilli, Newcastle strain. 

tions of the Flexiier group of dysentery bacilli and were identical with the stock 
culture of X-S45 serologically. They also were lysed by the same filtrate used 
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for injecting the mice. The results of this experiment are shown in table 3 and 
in figure 2. 

Feces from phage-infected mice were found to contain dysentery-phage, 
whereas feces from mice not infected with dysentery-phage did not contain a 
bacteriophage active against the strain of dysentery bacilli employed in the 
experiment. 


SUMMARY 

When a dysentery-phage, prepared against Shigella parody senteriae, Flexner 
X-S45, is injected intraperitoneally into normal white Swiss mice, it rapidly 
enters the circulating blood. 

The concentration of the dysentery-phage in the blood stream remains high 
for about 24 hours; however, it diminishes constantly, more or less rapidly at 
first then rather slowly, until it is barely detectable after 5 to 7 days. It is not 
eliminated as rapidly as Krueger and Scribner (1941) lead one to believe in their 
review. 

Lytic action in vitro is accompanied by protective action in vivo; no lytic action 
in vitro, no protective action in vivo. 

The injection into mice of dysentery bacilli susceptible to the action of the 
d 3 \sentery-phage, after the level of the dysenteiy-phage in the blood stream is 
fairly low, causes a temporaiy (3-hour) decrease in the amount of dysentery-phage 
in the circulating blood. This decrease is followed b^’' a rapid rise in the amount 
of dysenter\^-phago in the circulating blood until a maximum titer is reached in 
about 12 hours after the injection of the organisms. The rise appears to be 
roughly proportional to the number of susceptible organisms injected (80,000- 
fold increase following the injection of 127 M.L.D.). After the maximum 
amount of d\"sentcry-phage is reached in the blood stream, the titer decreases 
rapidly within the next 24 hours, thereafter more slowl 3 \ 

The temporary decrease in the amount of dysentery-phage in the circulating 
blood, within 3 hours after the injection of phage-susceptible organisms, suggests 
a concentration of the dj^senterj^ -phage at the site of the large number of organ- 
isms injected into the peritoneal cavity. The reappearance of dysentery -phage 
in the circulating blood ma^^ come about through one or both of two possible 
waj^s. The dysentery -phage liberated in the peritoneal cavity through the lysis 
of the dj^sentery bacilli which were injected may enter the blood stream, as 
happens after dysentery -phage is injected into the peritoneal cavity of normal 
mice. Following the intraperitoneal injection of virulent dysentery bacilli into 
normal mice or phage-infected mice, the dysenter}’’ bacilli gain entrance to the 
blood stream. The bacilli are first detected in small numbers 1 hour after injec- 
tion and are present in greater numbers after 3 hours. Another possible explana- 
tion for the increase in the amount of dysentery-phage in the circulating blood 
between the third and twelfth hours after the intraperitoneal injection of phage- 
susceptible dysentery bacilli is that those bacilli in the circulating blood undergo 
lysis in the blood stream. It is reasonable to expect that if the mice arc pro- 
tected against several lethal doses of dysentery bacilli by dysentery-phage, the 



244 


HARBT E. MORTON AND J. ENRIQUE PEREZ-OTERO 


bacilli are destroyed wherever phage particles are able to combine with the bacilli. 
Three hours after the injection of dysentery bacilli into phage-infected mice, both 
dysentery-phage particles and dysentery bacilli are in the circulating blood. 

Regardless of where bacteriophagy takes place in vivo, the amount of dysentery- 
phage in the circulating blood increases during the course of infection with phage- 
susceptible dysentery bacilli. 

Dysentery-phage is an unique antibiotic in that as it protects animals from 
fatal infections with dysentery bacilli more dysentery-phage is produced. 
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A review of the literature on the in vivo action of dysentery-phage does 
not enable one to formulate any definite conclusions as to its value (Morton 
and Engley, 1945). There are about twice as many favorable as unfavorable 
reports. However, the use of dysentery-phage in man has been made under 
such poorly planned or executed experiments as to invalidate the results. The 
logical sequence of events should have been the testing of dysentery-phage in 
experimental animals, after the discovery of its action in vitro, before trying it 
on humans. To our knowledge this was not done. We vdshed to know whether 
dysentery-phage had any action in vivo and whether it would be reasonable to 
expect any prophylactic or therapeutic action in man. We feel that the results 
of animal experiments to be reported answer both questions in the affirmative. 
The tests were first conducted in November, 1942, under conditions which re- 
quired secrecy. They were subsequently repeated under conditions which 
warrant publication. 

During the studies we were further encouraged by the following reports: 
Rakieten and Rakieten (1943) demonstrated protective action of Flexner-phage 
in developing chick embryos. MacNeal, Blevins, and Pacis (1943) proved pro- 
tective action of Sonne-phage, likewise, in developing chick embryos. Dubos, 
Straus, and Pierce (1943) showed protective action of Shiga-phage in mice. 
Our results (Morton and Engley, 1944) with Flexner-phage in mice substantiate 
the findings of the above workers and in addition point out some quantitative 
relationship of bacteriophage to microorganisms in vivo. These relationships we 
feel are veiy important in understanding bacteriophagy in vivo and in attempting 
to project the results obtained in one species of experimental animal to other 
species of animals, including man. 


MATSRULS 

Bacteriophage. Dysentery-Y phage, originally obtained from Professor Mul- 
ler, Hygien-Institute, Kdln-Lindental, by Prof. Stuart Mudd in 1932 and used 
repeatedly by the senior author in the Department of Bacteriology since that 
time, was employed. It was always generated against Flexner-Y, strain P107. 
This preparation has been observed to retjun its activity over four and one-half 
years of storage in the dark at room temperature. 

D3rsenteiy-XS45 pht^e was produced by adapting the ds^sentery-Y phage to 
the X-S45 strain by the present authors. The dilution factor was such that it 
was impossible for any of the original Y-phage to be present in the filtrate used 
as XS45-phage. 


24£ 
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Test organisms. Shigella paradysenteriae, Flexner X-S45, obtained in lyo- 
philized form from Miss Beatrice Doak after several mouse passages. It 
originally came from the Army Medical School. Shigella paradysenteriae. ^ Y, 
P107. University of Pennsylvania stock culture, originally obtained by Prof. 
Stuart Mudd from Profassor Muller in 1932. Shigella paradysenteriae^ Z-911A, 
obtained in lyophilized form from Miss Beatrice Doak after several mouse pas- 
sages. It originally came from the Porto Rico Department Laboratory, U. S. 
Army, P. R. Shigella paradysenieria, no. 88, Boyd strain M-265, obtained in 
lyophilized form from Miss Beatrice Doak after mouse passages. It was origin- 
ally obtained from the Royal Army Medical College. 

Culture media. For growing the dysentery strains preparatory to phage lysis 
the following tryptonc glucose yeast-extract medium was employed : 

Tryptone peptone (Bacto) 

Glucose (cerelose) ... 

NaCl 

Yeast extract (Bacto) . .... 

Dipotassiuni phosphate (K 2 HPO 4 ) 

Distilled water 

Final pH 7.5 

For plate counts of bacteriophage plaques and bacterial counts the following 
extract agar was used: 

Beef extract (Bacto). 

Parke -Davis peptone 

NaCl 

Agar (granular). . 

Distilled water . 

Final pH 7.5 

Test animals. White Swiss mice weighing 17 to 20 grams each, which were 
obtained from Rockland Farms, were used for all experiments herein reported. 

Filters, All filtrations were carried out with pyrex brand IJF fritted glass 
filters (Morton, 1943, 1944). 

Mucin, A suspension of 5 per cent gastric mucin prepared according to 
Miller (1935) was used for suspending the infecting organisms before intraperi- 
toneal injection. We are indebted to Dr. Seymour P. Halbert for the supply 
of mucin. 


3 g 
. 10 g 

5 g 

20 g 

1000 ml 


20 g 

5g 
5g 
2 g 
2.5 g 
um ml 


TECHNIQUE 

A tryptone glucose yeast-extract medium was utilized in all preparations of 
dysentery bacteriophage in these experiments. Such an enriched medium al- 
lowed maximum bacterial growth in a minimum length of time after inoculation. 
This removed the possibility that a large amount of toxic end products might be 
formed before use and gave the phage a large number of young susceptible cells 
for lysis. 

The phage was generated in 250-ml centrifuge bottles containing 160 ml of 
medium. These were inoculated with 2 ml of an overnight broth culture of the 
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susceptible organism and incubated in a 37 C water bath. Each bottle was 
fitted with a two-hole rubber stopper, and sterile filtered air was allowed to 
bubble slowly through the medium. After to 3 hours a fairly heavy growth 
resulted, and 1 ml of a stock phage was added to the susceptible cells. Incu- 
bation under the same conditions was continued for 3 hours, and the lysate was 
filtered through pyrex brand UF fritted glass filters. Each lot of lysate was 
checked by plating out 0.2 ml of serial dilutions made in standard amounts of 
young cultures. Plaque counts from the plates were taken as being equivalent 
to the number of bacteriophage particles in the lysate. The titers ranged be- 
tween 5.5 X 10^ and 2 X 10“ with the most frequent titer about 1 X 10'®. 
The filtrates were stored in sterile screw-cap bottles at 4 to 11 C until used. 
Tlie titers of the phage>s were rechecked when used. 

The bacterial cultures used for infecting agents w^ere grown in the tiyptone 
glucose yeast-extract medium. A lyophilized virulent culture was planted in 
broth and incubated overnight. On the following morning 0.5 ml was in- 
cubated in 25 ml of broth for 5 hours in the 37 C water batli with air bubbling 
through the medium. This culture was centrifuged, and the supernatant re- 
placed with an equivalent amount of broth. This preparation contained approx- 
imately 4 X 10® organisms per ml. Serial dilutions w^ere made in broth for (a) 
accurate plate counts and (b) mucin suspensions for mouse injections. All 
injections of mucin suspensions were given in 1-ml amounts intraperitoneally with 
22-gauge needles. 

(Control mice received an amount of tryptone glucose yeast-extract broth equal 
to the volume of dysentery-phage injected. In the prophylaxis experiment the 
control mice received an inactivated dysentery-phage. The dysentery-phage 
was inactivated by heating at 65 C for 60 minutes. It showed no lytic activity 
when tested against susceptible organisms in vitro. 

EXPERIMENTAL 

What is the minimum amount of dysentcry-phage which will protect mice when 
administered simultaneously with the infecting dose of dysentery bacilli? 

The proper dilution of culture w^as mixed with 5 per cent sterile gastric 
mucin suspension in the ratio of 0.1 ml of culture and 0.9 ml of mucin. One ml 
of the suspension was injected intraperitoneally into white mice w^eighing 17 to 
20 grams. Within a minute 1 ml of the diluted dysentery-phage was also injected 
intraperitoneally. All deaths occurred within 80 hours. The results of the 
experiments are given in table 1. 

Conclusions. Strain X-S45 of Shigella parody senteriaey Flexner, is lysed in 
vitro by its homologous bacteriophage, X-S45. Administered intraperitoneally 
into white mice immediately after the infecting dose of organisms, the dysentery- 
phage protects mice when the ratio of phage particles to bacterial cells is ap- 
proximately 1:8. 

Strain Z-91 1 A of Shigella paradyserUeriae, Flexner, is lysed in vitro by dysentery- 
ph^e produced against strain X-S45. The dysenteiy-phage is also active 
against the organisms in vivo^ protecting white mice when the ratio of phage 
particles to bacterial cells is approximatdy 1:7. 
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Strain X-S45 of Shigella paradysenteriaey Flexner, is lysed in vitro by dysentery- 
pha^e produced against a Y strain. The dysentery-phage is also active against 
the organisms in vivo, protecting white mice when the ratio of phage particles 
to bacterial cells is approximately 1 :5. 


TABLE 1 

Minimum amount of dysentery-phage required to protect white mice when injected 
intraperitoneally immediately following the infective dose of dysentery bacilli 


CULTITRE 

DYSENTEEY-PnAOE 

MICE 

Strain 

No. of 
bacteria* 

No. of 
lethal 
doaest 

Strain 

Dilution 

No. of phage 
particlest 

No in-! 
jeeted 

No. sur- 
viving 

No. 

dying 

X-S45§ 

40,000 

10,000 

X.S45 

1 X 10-* 

5,000,000 

3 

3 

0 

X-S45 

40,000 

10,000 

X-S45 

1 X 10-‘ 

500,000 

3 

3 

0 

X-S45 

40,000 

10,000 

X-S45 

1 X 10-*‘ 

50,000 

3 

3 

0 

X-S45... . 

40,000 

10,000 

X-S45 

1 X 10-^ 

5,000 

3 

2 

1 

X-S45 

40,000 

10,000 

X-S45 1 

1 X 10-» 

500 

3 

0 

3 

Z-911A5 

34,000 

11,300 

X-S45 

1 X 10-* 

50,000 

3 

3 

0 

Z-9nA 

34,000 

11,300 

X-S45 

1 X 10-’ 

5,000 

3 

3 

0 

Z-911A ... 

34,000 

11,300 

X-S45 

1 X lO'® 

' 500 

3 

0 

3 

X-S45II 

48,000 

12,000 

Y 

1 X lO”* 

1,000,000 

3 

3 

0 

X-S45... . 

48,000 

12,000 

Y 

1 X lO-'^ 

100,000 

3 

3 

0 

X-S45 

48.000 

12,000 

Y 

1 X 10“^® 

10,000 

3 

2 

1 

X-S45 

48,000 

12,000 

Y 

1 X 10~^ 

1,000 

3 

0 

3 

Newcastle 8811 

30,000 

10,000 

X.S45 

undil. 

50 billion 

5 3 

! 0 

3 

Newcastle 88 

30,000 

10,000 

X-S45 

1 X 

5 billion 

1 a 

1 0 

3 

Newcastle 88. . 

30,000 

10,000 

X-S45 

1 X 10-» 

500 million 

3 

0 

3 


* Determined by preparing poured plates from serial dilutions and counting the number 
of colonies which developed upon incubation, 

t Estimated after determining the minimum number of organisms required to kill 2 
out of 3 mice. 

t Estimated by making serial dilutions of the dysentery -phage in young broth cultures 
of the homologous strain, depositing a measured amount on the surface of a sterile agar 
plate, spreading uniformly over the surface with a glass spreader, and counting the number 
of plaques which develop upon incubation of the plates. 

§ Lysed in vitro by X-S45 dysentery -phage. 

II Lysed in vitro by Y dysentery -phage. 

H Not lysed in vitro by X-S46 dysentery-phage. 

The Newcastle-88 strain of Shigella paradyaenteriae is not lysed in vitro by our 
strain of dysenteiy-phage produced against strain X-S45, and it appeared to 
have no protective action in vivo. This dysentery-phage does not protect white 
mice when the ratio of phage particles to bacterid cells is approximately 1,700,- 
000 to 1. 

Diacusaion. The results of the experiment indicate (1) that a strain of dysen- ^ 
tery bacilli lysed in vitro by dysentery-phage is also destroyed in vivo and (2) 
that less than one bacteriophage particle per bacterium gives protection in vivo. 
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This is also substantiated by Fisk (1938), who found a ratio of approximately 
1 phage particle to 30 typhoid organisms would give protection in vivo. Ward 
(1943), working with Vi typhoid bacteriophage, found that a ratio of 1 phage 
particle to 2 organisms would protect 91 per cent of the mice injected, whereas 
a ratio of 1 phage particle to 23 organisms protected 40 per cent of the mice. 
(These facts were not reported as such by these authors but were deduced by 
analysis of their results.) 

Rakieten and Rakieten (1943), investigating experimental Shigella para- 
dysenteriaCy Flexner, infection in developing chick embryos, showed a definite 
increase in the bacteriophage titer after adding measured amounts of dysentery- 
phage. Dubos et aL (1943), working with intracerebral Shigella dysenieriae infec- 
tioas in mice, reported an increase in dysentery-phage in both the brain substance 
and blood stream after parenteral injection of specific bacteriophage. Morton 
and Perez-Otero (1944) have proved that dysenterv'-phage injected intra- 
pcritoncally enters the blood stream and disappears over a period of a week. 
When phage-susceptible dysentery" bacilli are injected intraperitoneally at a time 
when the dysentery -phage titer is low, there is a rapid and significant rise in the 
titer of the dysentery -phage in the circulating blood. The results of other 
investigators as w^ell as the results of experiments reported in this paper pn)ve 
that, imder appropriate conditions, dysentery-phage increas(\s in vivo. 

How long after the intraperitoneal injection of an infecting dose of dysentery 
bacilli may dysentery-phage he withheld and still prevent death of white micei 

The answer to this question is important in determining the therapeutic value 
of dyHenter 3 '^-phage against infection with the d3'sent»er>’^ bacillus. The infecting 
dose consisted of 49,000 d 3 \scnter\" bacilli of the X-S15 strain, or approximately 
12,000 M.L.D., suspended in 5 per cent sterile gastric mucin, and injected intra- 
peritoneally into white Swiss mice w^hich averaged about 17 grams each. The 
dysentery-phage was generated against the X-S45 strain and had a titer of 
I X 10^^ particles per ml. 

Conclusions. One-ml amounts of dj’^sentery-phage (containing 1 X 10^^ phage 
particles per ml) gonerat/ed against a virulent strain of Shigella parody senteriaCy 
Flexner X-S45 strain, are not toxic for white mice wdien injected intraperitoneally. 

The dj'sentery-phage ma^^ not be withheld marn^^ hours after the administra- 
tion of many minimum lethal doses (approximately 12,000) of dysentery bacilli. 
The dysentery-phage failed to protect 2 out of 3 mice when it w^as withheld 
6 hours. Typical d 3 ^senteiy bacilli were isolated from the heart blood of several 
of the mice which died during the course of the experiment. 

Discussion. The results (table 2) indicate that in an infection coming to a 
rapid termination, such as experimental paradysentery infections in mice, bac- 
teriophage administration cannot be delayed very long after infection. Fisk 
(1938) allowed a period of 4 hours to elapse before treatment with typhoid-phage 
in experimental typhoid infections and obtained successful results. Ward (1943) 
obtained similar results in the same t 3 rpe of infection, even when the typhoid- 
phage was given intravenously. Asheshov, Wilson, and Topley (1937) found 
these to be true irrespective of mode of injection. When these authors withheld 
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bacteriophage longer than 4 hours after tiie infecting dose, unsuccessful results 
were obtained. In clinical infections emphasis has been placed on early treat- 
ment with bacteriophage in order to obtain the best results. 

How effective as a prophylactic agent is dysentery-phage when given at various 
intervals of time prior to the infective dose of virulent dysentery badUit 

TABLE 2 


The effect of withholding the doses of dysentery-phage for varying periods of time after the 

infecting dose of dysentery bacilli 


NO. OF MICE 

NO. OF BACILLI 
INJECTED 

NO. OF M L.D. 

AMOUNT OF 
DYSENTERY* 
PHAGE INJECTED 

HOURS ELAPSED 
AFTER IN- 
FECTING DOSE 
BEFORE ADMIN- 
ISTRATION OF 
PHAGE 

RESULT 

3 

0 (controls) 

0 

1 ml 

0 

All survived 

2 

48,000 

12,000 

0 (controls) 

0 

1 dead in 31 hours* 

1 dead in 31 hours 

3 

48,000 

12,000 

1 ml 

0 

All survived 

3 

48,000 

12,000 

1 ml 

3 

1 dead in 31 hoursf 

2 survived 

3 

48,000 

12,000 

1 mi 

6 

1 dead in 31 hours* 

1 dead in 43 hours 

1 survived 

3 * 

48,000 

12,000 

1 ml 

9 

1 dead in 22 hours* 

2 dead in 43 hours 

3 

48,000 

12,000 

1 ml 

12 

1 dead in 22 hours* 

2 dead in 43 hours 

3 

48,000 

12,000 

1 ml 

16 

t 

1 dead in 26 hours* 

1 dead in 80 hours 

1 survived 

3 

48,000 

12,000 

1 ml 

18 

1 dead in 22 hours* 

1 dead in 43 hours 

1 dead in 80 hours 


* Heart blood cultured after death and dysentery bacilli isolated, 
t Heart blood cultured after death but no dysentery bacilli isolated. 


Dysentery-phage, as the filtrate of a culture of dysaitery bacilli which has 
undergone lysis, contains, in addition to the specific dysentery-phage, the meta- 
bolic products of the dysentery bacilli and the soluble cellular products of lysis. 
These soluble cellular components may serve as antigens and produce an active 
immunity in the animal body. Since antibodies do not appear in appreciable 
amounts in the circulation of an otherwise normal animal until about the seventh 
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to the tenth day, 7 days were taken as the longest prophylactic period. Every 
day for 7 days 3 normal mice were injected intraperitoneally with 1 ml of dysen- 
tery-phage of a titer of 1 X 10® particles per ml. As a control, for ruling out 
the effect of active immunization, an equal amount of the same dysentery-phage, 
which had been heated at 65 C for 60 minutes, was injected into an equal number 


TABLE 3 

The effectiveness of an intraperitoneal injection of dysentery -phage given at various periods of 
time before the injection of several lethal doses of dysentery bacilli 


TIME ELAPSING 
BETWEEN THE 
PROPHYLACTIC DOSE 
OF PHAGE AND THE 
INFKCTIVE DOSF OF 
DYSENTERY BACILU 

NUMBER OF 
MICE IN- 
JECTED 
WITH 

DYSENTERY- 

PHAGE 

NUMBER OF 
VIRULENT 
DYSENTERY 
BAHLU 
INJECTED 

RESULT 

NUMBER OF 
MICE INJECTED 
WITH HEAT- 
INACTIVATED 
DYSENTERY- 
PHAGE 

NUMBER OP 
VIRULENT 
DYSENTERY 
BACILLI 
INJECTED 

RESULT 

days 







7 

3 

40,000 

1 died on 5th 
day 

2 survived 

3 

40,000 

1 

1 died at 19 hr 
1 died on 5th 
day 

1 survived 

6 

3 

40,000 

All survived 

3 

40,000 

1 survived 

1 died in 20 hr 
1 died in 41 hr 

5 

3 

40,000 

1 

All survived 

3 

40,000 

1 survived 

1 died in 20 hr 
1 died in 24 hr 

4 

3 

40,000 

2 survived 

1 died in 19 hr 

2 

40,000 

2 died in 19 hr 

3 

3 

40,000 

All survived 

3 

40,000 

All died in 19 
hr 

2 

3 

i 

40,000 1 

2 survived 

1 died in 19 hr 

3 

40,000 

1 died in 19 hr 
1 died in 24 hr 
1 died in 29 hr 

1 

3 

40,000 

All survived 

3 

40,000 

1 died in 19 hr 
1 died in 29 hr 
1 survived 

0 

3 

40,000 

2 survived 

1 died in 22 hr 

3 

40,000 

3 died in 19 hr 


of normal mice under the same conditions. The heat-inactivated dysenteiy- 
phage showed no lytic action against the culture when tested in vitro. The 
culture used was Shigella parody scntmae, Flexner X-S45. The challenging dose 
was about 40,000 organisms, or 10,000 minimum lethal doses of dysentery bacilli. 
The test animals were white Swiss mice which weighed 17 to 20 grams each. 





252 


HARRY B. MORTON AND FRANK B. BNGLEY, JR. 


Conclusions. The injection of heat-inactivated dysentery-phage appears to 
produce some iixmiunity in mice after 5 to 7 days. 

Heat-inactivated dysentery-phage was without effect in protecting mice against 
10,000 minimum lethal doses of dysentery bacilli when given simultaneously or 
as long as 4 days prior to the injection of virulent dysentery bacilli. 

Dysentery-phage was effective in protecting at least two of three mice against 
injections of at least 10,000 minimum lethal doses of the homologous strain of 
dysentery bacilli when given simultaneously or as long as 7 days prior to the 
injections of virulent dysentery bacilli. 

Discussion. Krueger and Scribner (1941) have claimed that much of the 
protection resulting from bacteriophage preparations comes from immune re- 
sponses. Active immunity does not develop to any great extent for at least 4 or 
5 days; Ehrlich (quoted by Boyd, 1943) found that in mice 6 days were necessary 
for antibody formation. Boyd states that after one injection of antigen several 
days elapse before any appearance of antibody is noted. The maximum response 
is found at 7 days; thereafter a drop in titer occurs. In our experiments most 
deaths in the experimental animals occurred within 48 hours after infection, thus 
leaving little possibility of immune reactions being responsible for the protective 
action of dysentery-phage. Gay and Chickering (1916) suggested that the 
protein shock reaction is re.sponsible for the protective action of such protein 
preparations. In our experiments we used both culture media proteins and heat- 
inactivated dysentery-phage (65 C for 60 minutes) as controls. Neither of these 
substances gave protection when given at the same time as the infecting dose. 
The inactivated dysentery-phage preparation used in the prophylaxis experiments 
failed to give any protection when given as long as 4 days before infection. Some 
protection was noted, however, after 4 days when 1 of 3 test mice in each group 
survived 10,000 M.L.D.’s. This protection did not compare with that provided 
by the active dysentery-phage preparation. 

Can one strain of dysentery-phage protect against more than one Shigella species? 

Working with the dysentery-phage developed against P107, a Y-dysentery 
strain, and the same strain of phage generated against a different strain of 
dysentery organism, namely X-S45, an attempt was made to find out the number 
of dysentery cultures each would lyse in vitro. 

Technique. Each dysentery strain to be tested was grown overnight in broth, 
inoculated into three test tubes containing 5 ml of tryptone glucose yeast-extract 
broth and incubated in a 37 C water bath until slight turbidity was noticeable 
(2J to 3 hours). The 0.5 ml of X-S45 phage Avas added to one tube, 0.5 ml of 
Y-phage was added to the second tube, and the third tube was used for a control 
on the amount of growth. The tubes were shaken thoroughly, and then 0.2 ml 
of culture from each tube was placed on a separate agar plate with a separate 
pipette and spread evenly over the entire surface with a separate sterile glass 
spreader. The plates were incubated at 37 C for 18 to 24 hours. Lytic activity 
and growth could be noted, however, in 6 to 8 hours on the plates. Lysis of a 
culture was noted either by the complete absence of growth or the presence of 
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plaques, whereas the control plate showed a uniform film of growth. Quantita- 
tive lysis was noted by the + system, but the results will be reported here as 
qualitative, i.e., presence or absence of lysis. 

Discussion. If the Alkalescens, Boyd, Newcastle, and Schmitz varieties, which 
are not attacked by our two strains of dysentery-phages, are omitted from the 
final considerations, the percentage of cultures in those varieties of dysentery 
bacilli definitely attacked by the two dysentery-phages becomes C8 per cent. 

Of the 460 strains of Shigella paradysenieriae tested with dysentery-phage 
against X and Y strains only 2 more Flexner strains were attacked by the dysen- 
tery X-phage than by the Y-phage, whereas 2 more Sonne strains were attacked 
by the Y-phage than by the X-phage. There were also quantitative differences 
in the susceptibiUty of various strains to lysis by the two dysentery-phages. 


TABLE 4 


SutceptibUity o/ various strains of Shigella to the action of dysentery-X and Y phages 


1 

cvvtuvts 

STRAINS 
LYSED BY 
X-PBAGK 

STRAINS 
LYSED BY 
Y-PHAGE 

STRAINS 
NOT LYSED 
BY X-PHAGE 

STRAINS 
NOT LYSED 
BY Y-PHAGE 

TOTAL 
NUlfBER OF 
CULTURES 
TESTED 

PER CENT 
OF STRAINS 
LYSED BY 
X-PHACE 

PER CENT 
OF STRAINS 
LYSED BY 

V -PHAGE 

Shiga 

4 

4 

8 

8 

12 

33 

33 

Flexner 

153 

151 

60 

62 

213 

7L3 

70.8 

Boyd strains 

1 

1 

5 

5 

6 



Schmitz 



20 

20 

20 



Sonne 

38 

40 

22 

20 

60 

63.3 

66 

Alkalescens 

4 

4 

90 

90 

94 

4.2 

4.2 

Newcastle.,. 

1 

1 

29 

29 

30 

3.3 

3.3 

Strong . 

2 

2 



2 



Mt. Desert 

2 

2 

2 

2 

4 



Dispar 

14 

14 

2 

2 

16 

87.7 

87.7 

Hiss-Y . . 

2 

2 

1 

1 

3 



Totals 

221 

221 

239 

239 

460 1 

48 

48 


These two preparations of dysentery-phages seem to have a fairly broad reac- 
tivity. With the Flexner variety 71 per cent of 213 strains were lysed. Over 
60 per cent of the 60 Sonne strains were lysed. A varying number of strains of 
the other varieties of S. paradysenieriae were also lysed. Since the two races of 
dysentery-phages were developed against Flexner organisms, it might be expected 
that the greatest number of these cultures would be susceptible to lysis by these 
particular dysenteiy-phages. 

These strains of the ShigeUa genus were obtained from many sources.* They 
were isolated by workers in Massachusetts, Florida, Mississippi, Virginia, West 
Virginia, New Mexico, New York, and other states, as well as from Puerto Rico, 
Cuba, Philippine Islands, Germany, Canada, England, India, Italy, Nigeria, and 

'We are indebted to Dr. Joseph Felson, Bronx Hospital, New York, who graciously 
placed at our disposal the strains of ShigeUa on deposit in the Dysentery Registry. 
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South America. The authenticity of the cultures was not checked because they 
were received, for the most part, from experienced workers in the field of dysen- 
tery research and were employed merely as a preliminary qualitative survey. 

SUMMARY 

Dysentery-phage shows good protection, prophylactically and therapeutically, 
against experimental infections in mice produced by Shigella paradysenteriae, 
Flexner. 

Lysis in vitro of dysentery bacilli by dj^entery-phage is an indication of 
activity in vivo; no activity in vitro, no activity in vivo. 

Quantitative studies show that dysentery-phage can protect mice in the ratio 
of 1 phage particle to 8 dysentery bacilli, when doses of 10,000 minimum lethal 
doses of organisms are employed. 

Treatment with dysentery-phage may be delayed for 3 hours after the infecting 
dose of organisms is given. If the dysentery-phage is given 6 hours following 
the infection, little protection is afforded. 

Dysentery-phage has been observed to exert a prophylactic action when given 
as long as 7 days preceding the infecting dose of 10,000 minimum lethal doses of 
dysentery bacilli. 

Heat-inactivated dysentery-phage showed no prophylactic action when given 
as long as 5 days preceding the infecting dose of 10,000 minimum lethal doses of 
dysentery bacilli. 

A strain of dysentery-phage has been studied which has a fairly broad reac- 
tivity within the genus Shigella, 

Adaptation of this strain of dysentery-phage to a different strain of dysentery 
bacilli had little effect on its range of reactivity. 
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INTRODUCTION 

In previous publications (Spiegelman, Lindegren, and Hedgecock, 1944; 
Spiegelman and Lindegren, 1944) the authors have shotvn that in certain haploid 
strains populational adaptation to galactose fermentation may involve muta- 
tion and subsequent selection of the adaptable type. Using two diploid strains 
of Saccharomyces cerevisiae they established that in other strains adaptation 
could be effected by a direct interaction between the substrate and the cyto- 
plasm of the existent cells. These experiments emphasized the important 
point that the particular biological mechanism involved in the production of 
a given enzyme or enzyme system in a population of cells is a characteristic of 
the strain being examincxi rather than of the enz 3 me system itself. It became 
apparent that to solve the problem of the biological mechanisms involved in 
any particular case of adaptation reference must be made to the genetic back- 
ground and stability of the population being studied. 

These same experiments presented the opportunity of analyzing the problem 
of unadaptability. From the earliest investigations by Armstrong (1905) 
and Klu 5 ^er (1914) the existence of unadaptable yeasts was noted. Subsequent 
investigations have uncovered many more. As may be seen from a perusal of 
Stelling-Dekker’s monograph on the sporogenous yeasts (1931), examples of 
nonfermenters of galactose exist in all the genera. As a matter of fact, Stelling- 
Dekker has used fermentability with respect to galactose and several other 
sugars as the basis of identification within several of the yeast genera. An 
examination of the mechanisms whereby nonfermenting types gain or lose this 
character is of some importance in evaluating the phylogenetic significance of 
these properties. 

The question has in addition taken on some practical significance because of 
the tendency in recent years to use various yeasts as tools in the analysis of 
sugar mixtures. Recently, for example, Wise and Appling (1944) published 
a method for determining galactose in mixtures with other hexoses. They used 
Saccharomyces carlsbergcnsis, which could ferment galactose, in conjunction 
with Sacdiaromyces bayanas, which could not. They also reported that certain 
galactose-fermenting strains of S. cerevisiae had apparently lost that ability, 
at least partially, within a 5-year period. Our earlier experiments suggest that 

^ This investigation was aided by a grant from the Penrose Fund of the American Philo- 
sophical Society. 

* Supported by a grant from Anheuser-Busch, Inc. 
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the retenticm by a nonfenuenter of this character alter a long period of contact 
with galactose might be due to its genetic stability. Thus, a nonsporulating 
population of diploids, or one in which some other mechanism existed for the 
suppression of the haplophase, would be unlikely to gain a new character or 
lose an old one by mutation.. This suggested the possibility of attempting to 
adapt strains which had been previously labeled as nonfermenters by encourag- 
ing the production of haploids and thus disturbing the genetic stability of the 
population. The same type of experiments could also be used to investigate 
the conditions for the reverse phenomenon, that is, the loss of adaptability by 
adaptable strains. The basis for the method of inducing haploidy within a 
diploid population consisted essentially in stimulating sporulation, the details 
of which are described in the section on methods. 

It is the purpose of the present paper to describe the experiments which lead 
to the adaptation to galactose fermentation of a previously unadaptable form. 
This will be compared with the negative results obtained with the same methods 
on other forms, in which additional mechanisms for suppression of the haplo- 
phase exist, which tended to minimize the effect of heavy sporulation. Experi- 
ments will also be discussed in which unadaptable progenies were isolated from 
adaptable parents. The latter experiments indicate that the range of bio- 
chemical variation of mutant types may become limited as compared with the 
parent types from which they arose. 

MATERIALS AND METHODS 

Strains of yeast. Three yeast species, Schizosaccharomyces pombe, Schizosac- 
charotnyces octosporus, and Saccharomycodes ludwigii* were chosen among the 
known* nonfermenters of galactose. These particular ones were selected for 
this study for several reasons. All three were included among the yeasts 
examined by Armstrong (1906). He concluded from his study that they were 
incapable of adaptation to galactose fermentation. In addition to the fact that 
they have been studied more thoroughly than other nonfermenters of galactose, 
they have another advantage of some importance from a comparative point of 
view: 8 . pombe can without any difficulty exist in the haplophase; this is not 
true of S. octosporus, and still less so for Sacdiaromycodes Ittdmgii. 

Although S. octosporus sporulates with ease, the haploids which result from 
the germination fuse rapidly to produce diploid cells. When four- and aght- 
spored asci from the stock culture were dissected and the :^ores planted, tiiey 
all grew, and every sin^e-ascospore culture sporulated on the agar in less than 
48 hours. The further spore analysis of S, octosporus indicates that the diploid 
stock culture was completely homozygous and that, imiyce Saeeiharomyeea 
cerevisiae, the production of viable spores apparently does not depend on the 
pre-existence of a heterozygous nucleus. The sporulation ph^omcnon of a 

• These as well as Saceharomyees earhbergensis were obtfuned from the yeast oolleotion 
of the Northern Regional Research Laboratory at Peoria, IHinois, through the courtesy 
of Dr. L. J. Wickerham. 
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siDp:l(‘-s])()n' culiun' is not ()l)sorv(Ml in the S. (rirrisinc stniins (‘in{)loy(Ml. l1io 
fact that it (]o(*s opcnr in S. ort(hsjj<)rus is an indication of lu^avy diploidization, 
(‘onfirminj? the din^t rnicros(*opic observations (s(*(‘ ti^. 1, discussed ])elo\v). 
This process of ininiediale fusion etiectively sui)pr(‘ss(‘s tlu' liaf)lopliase in any 
culture' in which it occurs. 

This suppression niecluuiisiu is even more' luf^hly d(*v(‘lopf‘d in the' case of 
Sarrlutromt/cfxlc.^ ht(hri(j?i . ( luillicrniond (1908) rc'ported that thi^ yc'ast usually 



forms four sport's without f)revious conjugation. On gt'rmination, howcAer, 
the spores conjugate within the mother cell two by two, so that tally twa) xt'gt'- 
tative cells ('merge from ('ach l-spored ascus. W’ingt' and baustsen (1989) 
eonlirmed these observations and th'seribed the succt'ssful isolatitin of the 
haplophase by a micromanipulativ(» dissection of tlu' ascospore and st'paiation 
of the four spores Ix'fort' germination. As a result of their (‘xamination of the 
haplophase cultures, they coucIikUmI that SaccharoinycodcM Jydwujd was a bal- 
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anced hetc^rozygote. The net rewult of the germination mechanism is the 
almost <*omplcte suppression of the haplophase under normal conditions. 

The adaptable strains from which unadaptable progenies were isolated 
consisted of two Saccharomyces cermsiae strains (Db2e3B and Lk2(J12) previ- 
ously studied in this laboratory (Spiegelman, Lindegren, and Hcdgecock, 1944; 
Spiegelrnan and Lindegren, 1944) and S, carMxrgenau which ^vas tested and 
found to be rapidly (90 minutes) adaptable to galactose fermentation. 

Media, One liter of the basic medium contained the following substances: 
2 g of autcilyzed yeast extract powder, 3 g of bacto-peptone, 1 g of (NM 4 ) 2 H() 4 , 
2 g of KII 2 PO 4 , 0.25 g of MgS() 4 , 0.13 g of CaOb, 1 ml of 50 per cent sodium 
lactate. To this was added the desired carbohydrate. The medium irsed for 
adaptation of mixed haploid and diploid po])ulations contained, in addition 
to the above, 80 g of galactose and 20 g of glucose. 

Carbohydmtea. Reagent grade glucose and galactose were used in the media 
without further purification. The galactose u.sed in the manometrit* t(\s1 for 
adaptation (see below) was further purifun^l a(‘cording to a metluKl niodifi(*d 
from that used by Stephenson and Yudkin (193()). The final solution obtained 
\\ith their method was evaporated under redialed pressun' and th(' galactose 
was recrystallized from 70 per cent alcohol. The (*rystals w(*re then r(*dissol\'(»d 
and again recrystallized, and dried in vacuo at (K)(\ 

Tests for adaptation. All cultures were grown at 29 V. A samph' of tlu^ 
culture to be tested was centrifuged from its medium and waslu^d twice in laigc' 
volumes of m/15 KH 2 PO 4 . The cells were then resuspended in m/ 15 KHaPOt 
and made up to the desired density using a nephelometer. Samples wej*e taktai 
for the determination of dry weights when necessary. A sarnpk^ (1.8 ml) of 
this suspension was then placed in a Warburg cup with 0.2 ml of 20 per cent 
purified galactose in the side arm. After being flushed with nitrogen, the stop- 
cocks were closed and the galactose tipped in. The nitrogen used to dis]3lace 
the air in measurements of anaerobic CO 2 production was passed over hot coj)- 
per to remove any traces of oxygen. All measurements were taken at 30.2 (\ 
the vessels being shaken at a rate of 100 oscillations per minute over a 7-cni 
arc. A QSd 2 ^hovc with galactose was taken as adaptation. In 

practice lower values were not found; either the rate of ('O 2 evolution was 
zero and remained there or it could l)e made to reach 100 and exceed it by 
continued culturing in the i)resence of galactose. 

Sporulation. All the diploid strains employed in the present study sporulated 
readily if left standing over 7 days either in a fluid culture medium or on an 
agar slant. When particularly heavy sporulation was desired, a method in- 
volving inoculation on a presporulating medium and seeding suspensions from 
this on a Graham and Hastings (1941) gypsum block was used (Lindegren and 
Lindegren, 1944). 

Oxygm consumption arid CO2 production. The oxygen consumption (Qo?) 
and aerobic GO 2 production (QcoJ were measured by the Warburg manometric 
technique. Foriy -eight-hour glucose-grown cultures washed twice in m/I 5 
KH2PO4 were always employed. The aerobic CO2 production was measured 
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by the usual two-cup method. Inaccuracies owing to retention of the CO 2 
were reduced to a minimum by using m/15 KH2PO4 as a suspending medium. 
All measurements were made at 30.2 C. The anaerobic CX.)l> production dlco) 
of unadapted cells was measured by the method already described. 

EXPERIMENTAL RESULTS 

Adaptation of Srhizosaccharomyccfi pomhe to gatacfosr. Preliminary experi- 
ments indicated that th(* strain of SchizomvcharomyrvH pomhe used sporulated 
readily if allowed to stand over 7 days in the culture medium. If the cultures 
w(M(* transferred ev(Ty other day, however, no spores were ol)st‘rv(Ml. 

To test th(^ effect of sj)orulation on adaptation, several different kinds of 
(‘xperiments were performed. 'Pwelv(‘ flasks each containing (>0 ml of 8 per cent 
glucose* liepiid medium were ino(‘ulaied and allowed to stand in the incubator 
for 20 days. At the end of this period, examination of the growth on the bottom 
of the* flasks showed that in two of them 20 per cent or more of cells liad sporu- 
lated. The* supernatant medium was poured off from these two, and each 
mixtui’c* of cells and spor(*s was resuspended in 300 ml of 8 p(*r cent galactose 
and 2 p(*r cent glucose adai)tation medium and pla(*ed in the incubatoi’. Twenty- 
mi samples were removed at two-day intervals, and the (*ells centrifuged down 
and wash(*d in m/15 I\H 2 p() 4 . After resuspension in the buffer fluid, they \v(‘r(* 
test(*d for adafitation to galactose fermentation by the manom(*tric method 
previously d(*scribed. Om* of the cultures so jirepared adapted itself in 8 days, 
the other in (i. The 2 per cent glucose included in tin* galactose* medium was 
found nec(‘ssary after many unsuccessful attempts without its addition. Tt 
s(‘rves the function of allowing the s[)ores to germimite and of giving the* liaplenels 
an opportunity to divide rapidly and aceaimulate in large numbers. After the* 
e*xhausti<jn of tlie gluce)se, tlie galactose which still r(*mains e*an then sulect 
fre)m the* he*te*rogeneous population any existent fermenters. 

In another e'xpe‘riTne*nt the growth in 21-elay agar slants cemtaining be‘twe*e*n 
10 anel 20 per e*emt spe)rulating ce*lls was washeel with sterile bre)th inte) the 
glue‘e)se galacte)se me*elium. Out of fe>ur atteunpts only one finally yie*lele*el an 
adaptable strain. Finally, the* growths em gypsum bleicks e*ontaining well o\'er 
30 per eent of sporulating eells were heavily ine)culate*el into the adapting me*elium. 
The* re*sults and time* reepiire*d feir adaptation are given in table 1. All adapte*el 
themsedve's within (i elays. 

While* these experiments were being performeMl, two kinds e)f control series 
were run. (Xiltures originating from the same stoe'k strain of Schizosarcharo- 
myccs pomhe were transferred e\'ery other day in the adapting medium. As w as 
previously noted, sporulatie)n does not occur under these (‘onditions. Ailapta- 
tion did not occur over a 3-month period during which these cultures w'(*r(* 
transferred and observed. In another type of experiment the original culture 
was inoculated into the basic medium containing 8 per cent of the purified 
galactose and left standing without transfer. None of the 12 tubes so preparc'd 
showed any evidence of adaptation to galactose fermentation at the (*nd ot 
78 days. 
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Experiments with Schizosaccharomyces oclosporus and Saccharomycodes lud- 
wigii. Experiments exactly like those described in the previous section were 
also carried out with Schizosaccharomyces octosporus and Saccharomycodes 
ludwigii but without success. S, octosporus is one of the best spomlating yeasts 
examined in this laboratory, usually up to 80 per cent. Figure 1 is a representa- 
tive field of a spomlating culture of this strain. This same picture demon- 
strates why spomlation is not sufficient to disturb the genetic stability of the 
culture. 

In addition to the heavy-walled spores contained in the asci, the majority 
of the cells seen are the oblong, diploid cells. In the lower left-hand corner 
may be seen 4 small, round haploids arranged in pairs. The upper pair has 
already begun the process of elongation to form the conjugation tubes. Another 
pair in the lower right-hand corner is much further along in the procte. Iso- 
lated haploid (*ells are very rarely seen in these cultures. Since under those 
conditions the haploids do not exist very long as such in the population, any 
genetic instability they may have cannot express itself in terms of changing 


TABLK 1 

Adaptation of Schizosaccharoinyceti pomhe to galactose fet mentation 


EXPERIMENT 


ORir.IN or IIEVVIIA SPORl’L\TING 
(lIETURfS (20% AND ABOVE) 


1 

2 

3 

A 

5 


2()-day broth culture 

24 day agar slant 
(Jypsuin block 


PERIOD m DAYS RKQDIRED PoR 
APPKARANrp OF ADAPTATION 

8 

6 

12 

2 

G 


G 

7 


4 

4 


populational characteristics. As lias been jiointed out proxiously, this sup- 
pression of the liaplopliase is accentuated to an even greater degree in Saccharo- 
mycodes ludmgii, in which iiaploids rarely emerge as free cells from the ascus. 
On this basis, it is not surprising that methods wliich were successful in the case 
of SchizomccharomyceH pombe, in which the mutational potentialities of the 
haploids could be expressed, failed in the case of both S. oclosporus and Sac- 
charomycodvs ludwigii. 

Isoldtion of unadaptable haploid strains from adaptable parent types. Under- 
lying the experiments on the relation of sponilation to adaptation was the 
impliiiit assumption that all that. was reijuired to break down the genetic sta- 
bility of a diploid strain was the introduction of the haplophase. Although the 
validity of this assumption would in general not be questioned, it may Ixi doubted 
insofar as variation in a particular direction is concerned. Thus it is con- 
ceivable that the haplophase of a j)articular strain might not contain within 
its mutational potentialities the ability to mutate in the direction of, for ex- 
ample, galactose fermentation. To unsw<!r this question as well as certain 
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others on possible origins of unadaptable types, experimientH were undertaken 
to see if unadaptable haploid populations could be isolated. 

The two Saccharomyces cerevisiae strains used were the objects of previous 
study. Strain Lk2G12 is a stable diploid which adapts itself to galactose fer- 
mentation within 80 minutes by direct interaction. Strain Db23B is a haploid 
which adapts itself through mutation. The other diploid strain employed, 
S, carlsbergensis^ adapts itself directly within 90 minutes. 

In the (*ase of both diploid strains, the haplophases produced from them 
can exist independently and reproduce readily in the basic 8 per cent glucose 
medium. The experimental method used for the two diploid strains was the 
same. Heavy sporulation was induced by the methods already described. 
The mixture of spores and cells was heavily inoculated into 300 ml of basic 8 
per (‘ent glucose broth medium. Samples were removed at intervals early in 
the growth period and streaked on plates. The usual morphological and 
physiological variants which accompany haplophase-containing cultures made 
their appearance. The different kinds of clones were then inoculated into the 


TABLE 2 


Phyaiologiral characi eristics of the three unadaptable strains 
N 

Qoa, QcOa. Q (-02 all calculated on the basis of consumed or(*volved per mg dry 
weight, per hour Each figure is the average of three determinations on 4H-hour galae- 
tos<‘-grown cultures. 


WITHOUT OALACTOSI- 


Strain 


0 ^ 

oN 

'^co. 

LN 

s.f) 

HA) 

0.02 

C^N j 

1 11.6 

11,5 

0.01 

1)N I 

5.1 

5.4 

0.(K) 


; I ! 


GALACTOSh ADr>EI> 


R.Q 

Vo, 

1 o<^^ ' 

^TOs 

1 0^' 

1 

1.01 1 

15.4 

15.4 

0 05 

0.99 

2:i 0 

22.7 

0 10 

1 .(K) 

12.5 

12.7 

0.J2 


RQ 

1 .00 
0.00 
1 02 


basic broth medium containing 8 per cent galactose. These \\ere incubated 
and their gala(*tose fermentation characteristics followed. Some wen* obvious 
fermtTiters, ns evidenced by (*opious gas evolution on shaking the culture flasks, 
and were discarded. Others, however, had to be examined manometrically 
to be (certain of the presence or absence of fermentation. Tsing this procedure 
the authors examined 31 clones stemming from LK2G12 before a nonfermenting 
strain (LN) was isolated. Two out of the 31 entirely failed to grow on galac- 
tose and were discarded since they could not be used to test the permanency of 
the galactovse nonutilization (diaracter. The strain LN grew perfectly well on 
galactose, apparently utilizing it by a purely aerobic mechanism. Tlie R.Q. 
in three measurements averaged 1.01 and no galactose disappeared under 
nitrogen. The physiological characteristics of LN and the other unadaptable 
haploid strains are summarized in table 2, The LN strain was cai'ried on 
8 per cent galactose medium, transferred twery -4 days for 5 mouths. It was 
tested weekly, and later twice weekly, fo^evidenc^e of anaerobic CO 2 production 
from galactose, always with negative results. That it is a haploid strain is 
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demonstrated by the predominant small, round cells observed in wet mounts 
and, more important, by its instability. The latter character is shown by figure 
2, which represents a streak plate made from one of the routine galactose broth 
cultures. Smooth, micro-type colonies may be observ’ed. Occasionally, rough 
variants may be noted. The very small colonies aie physiological as Avell as 
morphological variants. Their growth rates are much lower than tho.se of the 
other haploids, and the individual cells are approximately J of the normal size. 



Fig. 2. Rtrbak Pi.ate Demonstratiwj (Jenetio Instabiijty oe LN, an Unadai'T.able 
Hai’ia)id Strain of SAn-iiAROMYCEs cerevisiae 


In the case of Sacc/ixtromyccs curlsbcrgemds, the examination of 22 clones led 
to the isolation of a nonfermenting haploid strain (C'N) which, on subseciuent 
examination by the .same methods employed with LN, did not revert to the 
fermenting type. Table 2 gives its metabolic characteristics on galactose. 
None of the 22 (ilones failed to grow on galactose. Four of the 22 clones when 
first isolated were nonfermenters when tested raanometrically, but reverted 
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within 2 weeks to the fermenting type when siibcultured on galactose. Strain 
('N, liowever, has retained its iionfennenting character for 4 months, (Jespite 
its obvious colonial instability as evidenced by figure 3, which represents a 
streak plate from a routin(‘ galactose t)roth culture. Ihue a relatively small 
rough type, a smooth lype, and the micro-ty})es are r(‘])resentcd. 



Fig. 3. Strkak Pi.atk l)KMO!vsTRATrN<f (iKNKTic Instability of CN, an Un \i»ai»tablf 
Haploid Strain of Saccharomycks carlsbkrgknsis 

In the experiments with l)b231i the problem of getting \'ariant types was 
simpler sin(!e it was a haploid strain. It was seeded into the glucose medium, 
and streak plates were made from which clones were selected for testing. The 
fifth clone tested (DN) behaved in the same way as both LN and CN. One 
of the 5 did not grow on galactose, whereas the other 3 could mutate to the 
adaptable typo. Strain DN was carried in the usual manner in 8 per cent 
galactose for 4 months without showing any ability to produce (XJo anaerobic- 
ally from galactose (table 2). It is also an unstable strain as is shown V)y figure 4 
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which represents a streak plate from a galactose culture. Here the rough and 
smooth forms predominate, although a small rough form may also be seen. 

DISCUSSION 

The relative significance of the experiments reported may be best evaluated 
in terms of the life cycle of yeasts as it is understot)d to date. Figure 5 is a 
diagrammatic representation of the life cycle and also indicates sources of 
variation at various steges. Starting with diploid cells, we find that these 
may sporulate and give rise to haploid segregants. These segregants may be 
and often are strikingly different from the parent types; the extent of the dif- 
ference would depend on the degree of heterozygosis of the parent diploid. 



Fi«. 4. Sthkak Plate Demon.strating {ibnetic Instability of DN, an Unadaptabi.k 
Hai-loii) iStkain of Saix-haromyces cerkvisiae 

Thus, in a recent investigation (Lindegren, Spiegelman, and Lindegren, 1944) 
into the mechanism of the inheritance of adaptation to melibiose fermentation, 
it was possible to demonstrate simple Mendelian segregation of the adaptable 
character from a heterozygotic diploid parent. 

The haploid segregants originating from the ascus may, if of suitable mating 
types, copulate to produce new diploid cells. These may or may not differ from 
the parent type depending on the nature of the recombination. On the other 
hand, if the haploids do not copulate they can in some strains exist as .such by 
continued vegetative divisions, during which they usually give rise to mutants 
of various types. In general, it has been found that the mutational variants have 
lost the ability to copulate, probably owing to concomitant disturbances modify- 
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ing the effects of the gene which differentiates the mating type. This results 
in the maintoiance of the haplophase nature of the culture. 

From the point of view of the life cycle it seems clear why the experiments 
reported here were successful in adapting Schizosaccharomyces pombe, whereas 
previous ones had failed. Two conditions were satisfied in the present case 
that were not satisfied simultaneously in earlier attempts. One is a massive 
inoculation of heavily sporulating cultures which provides a source for a large 



Fro. 5. Lira Ctcle of a Sporogenotjs Yeast Showing Sotjbcbs of Genetic Variation 

number of various haploid segregants. The second was the inclusion of enough 
glucose in the adapting medium to allow the asci to germinate and the haploids 
to go through a relatively large number of divisions before intensive selection 
for the galactose fermenters took place. Under these conditions the hetero- 
geneity of the haplophase originating from the segregation is further increased 
by the ability of the m^bers to express their mutational potentialities. The 
chances for obtaining mutants of the desired nature is thus greatly augmented. 

The experiments on the isolation of the three unadaptable variant haploid 
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strams from adaptable parents suggests a possible explanation for Wise and 
Appling’s (1944) finding on the loss of galactose fermentability by a strain of 
Sacehar<myce$ cerevmae. Some cultures sporulate readily on agar dants, and 
it is probable that the variable haplophase was introduced from the stock strtun. 
One interesting aspect of the three unadaptable strains is thdr inability, despite 
their demonstrated genetic instability, to mutate in the direction of galactose 
fermentation. While no absolute statement can be made, it must be recalled 
that the generation time of these organisms is but a little over an hour. Conse- 
quently, these experiments have extended over 1,200 generations involving 
billions of individuals in each generation. All this has been going on under 
conditions where intense selection of the fermenting type is favored. Thus if 
the back mutation should occur, it either does so with a vanishingly small fre- 
quency, or it may be accompanied by secondary lethal effects. 

These experiments then would indicate that whereas sporulation is a neces- 
sary condition for populational adaptation by mutation of a diploid strain, 
it may not be sufficient for two reasons: (1) a haplophase suppression mech- 
anism may exist as in Schisosacdiaromyces octosporus and Sacdiaromycodes 
Ivdwigii or (2) the haploids may not possess the capacity to mutate in the 
direction sought. 

The wide variety of physiological variants which may be isolated from a 
single strain once the haplophase is introduced makes it difiScult to characterize 
yeast types by their biochemical properties. In the present study closely re- 
lated forms stemming from the same parent may or may not possess the ability 
to ferment galactose. Under these circumstances it is difficult to justify placing 
much weight on fermentation characteristics in classification schemes. This 
extreme heterogeneity is present in even the highly inbred strains as the baking 
yeasts which have been intensely selected for high aerobic COj production on 
sucrose over a number of years. A recent study (to be discussed dsewhere) 
of 12 baking strains has demonstrated that they all can give rise to progenies 
having physiological properties diametrically opposed to those for which the 
parent ts^pe was selected. 

In any case it is hopeless to attempt to characterize a yeast strain by its bio- 
chemical or morphological properties unless it is a diploid and care is taken 
to prevent its sporulation. 


sxnaiiABT 

Schizosaccharomyces pombe, previously reported as unadaptable, has been 
adapted to galactose fermentation by inoculation with heavily sporulating 
cultures into 2 per cent glucose 8 per cent galactose mixtures. The same meth- 
ods failed with both ScMzosaccharomyces octosporus and Sacchanmycodes ludmgii. 

These results are interpreted ia terms of the genetic instability of the haplo- 
phase and its suppression by rapid copulaticm in the latter two strains. 

Unadaptable haploid strains have been isolated from adaptable paroats. 
The significance of this for an understanding of the range of biochemical vari- 
ation of mutant types is discussed. 
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Streptothricin, the antibiotic produced by Actinomyces lewendvlae (Waksman, 
1943; Woodruff and Foster, 1943), has been reported to inhibit many organisms 
including Lactohadlliis casei (Waksman* and Woodruff, 1942). McKee and 
Houck (1943) and others have shown that when susceptible organisms are 
grown in the presence of slightly smaller concentrations of inhibitory anti- 
biotics than those that prevent growth, resistance to these antibiotics is ac- 
quired. Since the growth factor requirements for L. casei, as well as its general 
bacteriology and biochemistry, are comparatively well defined, an investiga- 
tion was undertaken to determine whether any marked differences existed be- 
tween the resistant cultures and the susceptible parent culture. 

EXPERIMENTAL 

Resistance to streptothricin was induced by growing the culture of L. ami 
(A.T.C.C. 7469) for several successive transfers at short intervals in tubes of 
glucose yeast extract broth containing increasing amounts of a crude prepara- 
tion of streptothricin.* The first tube which contained 6 Escherichia coli units 
per ml was inoculated with a loop of 1 to 100 dilution of a culture 48 hours old 
which had been grown on a glucose yeast extract tiyptone broth. After 24 
hours of incubation at 37 C this tube was used to inoculate a second tube con- 
taining 11 E, coli units per ml. Good growth was obtained in this tube after 
12 hours of incubation. When a loop transfer was made to a third tube con- 
taining 41 E. coli units per ml, however, good growth was not observed until 
after 36 hours of incubation. A second transfer was made at this streptothricin 
level, and good growth was obtained after 12 hours of incubation. A loop of 
this last tube was plated on ^ucose yeast extract agar, and ten isolated colonies 
were picked for further study. These cultures were still resistant at the 41 
E. coli units per ml level 3 months after the original isolation. 

The grov^rth of the parent and the resistant strains was compared on nutrient 
broth containing various carbon sources as directed in the Manual of Methods 
for the Pure Culture Study of Bacteria. No distinct differences were observed 
between the different strains in these tests. These observations were checked 
by growing the strains on the amino acid vit amin medium developed by Hutch- 
ings (Hutchings and Peterson, 1943). The carbon source in question was 

* Published with the approval of the Director of the V^consin Agricultural Experiment 
Station, 

* We are indebted to Dr. S. A. Waksman for a supply of a streptothricin preparation, 
containing 600 B. coli units per ml. 
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substituted for ^ucose at a 2 per cent level in the medium. The growth of the 
strains was also compared on various carbon sources by growing th^ cm the 
riboflavin assay basal medium with added excess riboflavin as described by 
Strong and Carpenter (1942). In this medium, also, the carbon sources in 
question were substituted for the glucose at a 2 per cent level. The growth on 
these media was observed by measuring the turbidity and the acid production 
during a 72-hour incubation period. The acid production results are presented 
in table 1. 

The lactic acid produced by these cultures on a medium consisting of 6 per 
cent glucose, 3 per cent malt sprouts, and 1 per cent calcium carbonate was 
isolated after a fermentation period of two weeks (incubation at 37 C). The 
zinc salt was prepared and its properties compared with that described by 
Tatum and Peterson (1935). AH the cultures produced d-lactic acid, as indi- 
cated by the optical rotation and the water of hydration of the zinc salt. 

TABLE 1 

Growth on various carbon sources 


ML 0.1 N ACIP rOBMBD PEI 10 ML OP MEDIUM 


CULTUBS 

Glucose 

lUffinose 

Mannitol 

Sucrose 

Xylose 

Glycerol 

None 

Lactose 


A* 

Bt 

A 

B 

A 

B 

A 

B 

A 

B 

A 

B 

A 

B 

B 

Parent 

9.8 

11.2 

1.0 

1.6 

3.3 

7.7 

0.9 

1.6 

1.9 

2.4 

1.1 

1.9 

0.6 

0.9 


Isolate 1 


11.2 

1.8 

1.7 

3.3 

8.8 

1.6 

2.5 

1.3 

1.7 


itlttl 

0.8 

0.9 

11.6 

Isolate 3 


fglil 


1.8 

3.9 

7.8 

0.8 

1.6 


2A 

1.3 

1.6 


0.9 

11.6 

Isolate 10 

Uninoculated 


11.9 


1.6 

2.8 

8.7 

0.8 

i 

1.6 

2.2 

0.9 

1.6 



12.1 

medium 

i 




0.8 

0.2 

0.7 

ii 


IS 

1.1 

0.3 

0.7 


0.7 



* Synthetic medium (Hutchings and Peterson, 1943) • 

t Riboflavin basal medium with 4 /ig of added riboflavin per 10 ml (Strong and Car* 
penter, 1942). 


All the cultures grew equally well in glucose nutrient broth at an initial pH 
of 7.5 (growth measured turbidimetrically). No great differences in growth 
were observed between the cultures when they were grown in glucose yeast 
extract broth containing 2.5 per cent or 5 per cent sodium chloride. 

Growth at various temperatures of incubation on a glucose yeast extract 
sodium acetate medium was studied. The acid production after 72 hours of 
incubation was determined. The titrati<m data are presented in table 2. 

The strains were grown on the riboflavin, pantothenic acid, and biotin assay 
media (Strong and Carpenter, 1942; Ne^ and Strong, 1943; Shull, Hutchings, 
and Peterson, 1942) at various levels of the respective vitamins. Indicative 
results are presented in table 3. The titration fi|pues in this and the preceding 
tables are the avenges from at least two tubes, and the majority of the experi- 
ments were repeated three times. 

Tbe results of these experiments seined to indicate that aoms differences 
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existed between the strains. The stability of these differences was tested by 
two methods. First, the strains were transferred on the riboflavin assay basal 

TABLE 2 

Growth at variota temperatures 


UL 0.1 N ACID FO&ICEB ?F.lt 10 ML MEDIUM INCUBATED AT: 


CULTUBE 

12.S C* 

15 C* 

24 C 

30C 

40 C 

so c 

52 C 

At 

Bt 

CJ 

A 

B 

c 

A 

B 

C 

A 

B 

c 

A 

B 

C 

^arent 

2.4 

6.8 

5.6 

4.6 

5.0 

4.3 

9.8 

10.1 

10.0 

9.6 

11.5 

11.2 

9.8 

11.3 

10.3 

solate 1 

2.1 

5.3 

6.3 

5.4 

3.1 

3.5 

9.8 

10.8 

11.4 

9.5 

11.1 

11.8 

1.9 

7.6 

6.9 

solate 2 . ... 

2.1 

6.4 

5.7 

6.1 

4.0 

4.5 

9.3 

9.5 

9.2 

9.8 

10.8 

11.4 

3.2 

9.8 

4.5 

solate 3 .... 

1.0 

5.1 

5.6 

5.6 

6.0 

4.7 

9.8 

9.5 

9.7 

9.4 

11. 1 

11.2 

2.5 

5.0 

4.2 

solate 4 . . . . 

1.4 

6.6 

7.0 

5.1 

4.5 

4.2 

9.6 

9.8 

9.3 

9.8 

11.3 

11.5 

1.4 

10.0 

9.5 

solate 5 

1.5 

7.8 

8.9 

6.6 

4.8 

4.6 

9.8 

9.8 

9.0 

9.8 

11.1 

11.6 

3.7 

3.6 

0.8 

solate 6 . 

1.2 

6.0 

6.7 

4.3 

6.6 

3.1 

9.8 

10.6 

10.2 

9.8 

11.5 

12.1 

5.0 

9.o! 

9.5 

solate 7 

0,7 

7.5 

7.4 

3.8 

6.6 

5.2 

9.8 

110.1 

10.2 

9.7 

11.5 

12.2 

6.0 

9.0 

2.1 

solate 8 ... 

1.9 

7.7 

7.3 

5.7 

5,6 

4.3 

9.8 

11.3 

9.2 

9.7 

11.5 

11.2 

3.3 

8.8 

10.2 

solate 9 

2.9 

8.5 

7.2 

5.4 

5.8 

6.0 

10.0 

10.1 

9.4 

9.7 

11.1 

11.5 

9.7 

9.7 

9.6 

solate 10 

0.7 

6.6 

6.4 

5.8 

5.5 

5.3 

9.8 

11.5 

11.1 

9.5 

10.9 

11.5 

8.2 

10.0 

9.6 


• After 10 days of incubation; all others incubated for 72 hours, 
t At time of isolation. 
t Three months after isolation. 

§ After 10 successive transfers at 24-hour intervals. 

TABLE 3 

Growth on various microbiological assay media 


ML 0.1 N ACID POSMED FEE 10 ML OP MEDIUM CONTAINING INDICATED AMOUNT OF 
VITAMIN 



0.02 mK calcium pantothenate 

0.1 fig riboflavin 

0.072 m/ig biotin 


A* 

Bt 

Ct 

A 

A 

Parent 

3,0 


4.0 

5.1 

3.9 

Isolate 1 

4.0 


4.9 

5.4 

4.1 

2 

4.8 

6.8 

6.1 

6.2 

4.5 

3 

4.9 

6.0 

6.8 

5.9 

4.6 

4 ’ 

3.7 

4.9 

4.8 

5.1 

5.1 


5 

5.0 

6.8 1 

5.6 

5.0 

ft ^ 


0.0 

6 

3.1 

4.7 

4.9 

4.9 

4.7 

7 

... 4.5 

6.0 ! 

5.1 

5.3 

A. *> 



‘T.A 

8 

4.5 

4.7 

5.2 


4.9 

9 

0.0 


5.0 

4.1 

5.6 

6.6 

10 

4.1 

5.2 

5.4 

A 1 

4.3 


0. 1 


* At time of isolation. 

t Three months after isolation. 

t After 10 successive transfers at 24«hr intervals. 


medium, with added excess riboflavin, for ten successive times at 24-hour inter- 
vals. One-la^ inocula were used for 10 ml of medium. At the end of this 
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period of transfers the washed cells of the tenth transfers were used as inocula 
in the pantothenic acid assay and in the temperature experiment. Second, 
the strains were stored for three months (without transfer) and were then used 
as sources of inocula for the pantothenic acid assay and for the temperature 
study. The results of these experiments are presented in the appropriate 
tables. 


DISCUSSION 

From the data presented in table 3 it appears that the streptothricin-resistant 
cultures of L. cas&i differ from the parent culture as to sensitivity to pantothenic 
acid and biotin, but not to riboflavin. From table 2 some differences are ap- 
parent in growth at various temperatures, as measured by acid production. 
Fermentation of the various carbon sources shown in table 1 may be considered 
to be about the same for each carbon source, although, of course, marked dif- 
ferences exist between the carbon sources. 

The differences noticed in the B vitamin requirements and in the growth at 
various temperatures may not always appear to be consistent in certain experi- 
ments, but enough variation seems to exist between the strains to warrant the 
conclusion that rather permanent changes have taken place in the metabolism 
of the organism. The changes are called permanent, since they still existed 
after storage of the cultures and after rapid transfers on liquid media. 

These results are somewhat different from those observed by other investi- 
gators who have studied penicillin-resistant strains of various organisms. The 
penicillin-resistant strains were said to be unchanged so far as carbohydrate 
fermentations and other bacteriological tests were concerned, but they had 
lost their virulent properties. 

SUUMABY 

Streptothricin-resistant strains of LactobaciUiis cam (A.T.C.C. 7469) have 
been compared with the streptothricin-susceptible parent strain. Differences 
in the pantothenic acid and biotin sensitivity, as well as in growth at various 
temperatures, have been observed between the susceptible parent strain and 
the resistant strains. These differences seem to be perman^t under the con- 
ditions of this study. 
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In 1916 Jacobs, Heidelberger, and coworkers at the Rockefeller Institute 
reported the discovery of a new class of synthetic compounds which possessed 
potent bactericidal properties. By reacting hexamethylenetetramine with a 
large variety of substituted benzyl- or alkyl-halides, numerous quaternary 
salts of this base were obtained. It was observed that most of these salts had 
pronounced bactericidal properties. Unfortunately, these early observations 
received little attention. 

It was not until 1935 that Domagk focused attention again on this group 
of compounds. This investigator observed that bactericidal properties are not 
restricted to the quaternary salts of hexamethylenetetramine. They are a 
general property of a large number of quaternary ammonium salts having the 
general formula: 


Ri\ 


According to Domagk, bactericidal properties are found in all compounds in 
which at least one radical (R) is a long chain aliphatic group (CsHit to CitHt?) 
either plain or substituted. The other three radicals (R) may be either one, 
two, or three lower alkyl- or benzyl-bound, or one aliphatically bound, phenyl 
radical. Two or three of them can even be arranged to form a cyclic compoimd 
as is the case in quaternary salts of hexamethylenetetramine, pyridine, piperi- 
dine, or morpholine. The radical -X is either a halide or another group, e.g., 
sulphate or acetate. 

Shelton et al. (1939, 1940) studied a large number of quaternary ammonium 
salts derived from aliphatic or heterocyclic amines and observed that optimum 
bactericidal activity is present in compounds possessing one cetyl-(Ci«Hi* — 
radical. The remaining three radicals (R) could be very simple; e.g., three 
methyl groups, as is the case in cetyl-tiimethyl-ammonium bromide, or they 
could be arranged into a cyclic configuration, as is the case in cetyl-pyridinium 
chloride. 

A wide variety of compounds, all within the broad field outlined by Domagk, 
imve be^ syntherized rince his studies were made; some of them have been 
studied in great detail. They are used extensively at present as antiseptics for 
surgical and gynecological procedures, such as skin and wound disinfection, 
and for sterilization of surgical instruments. 
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The germicidal properties of cetyl-pyridinium chloride have been studied by 
Blubaugh et al. (1939, 1941), Warren et al. (1942), and by Huyck (1944). Ihum 
(1936, 1937, 1938) studied the properties of a mixture of hi^ molecular alkyl- 
dimethyl-benzyl-ammonium chlorides. From these and other studies it be- 
comes evident that certain quaternary ammonium salts may be rated as the 
most potent bactericidal agents known at present. Their bactericidal action 
in vitro is far greater than that of the common antiseptics such as iodine, phenol, 
and mercurial compounds, and than that of most of the recently isolated anti- 
biotics. They are active in high dilution against a large variety of micro- 
organisms, gram-positive as well as gram-negative species, and fungi. They 
have proved their usefulness as antiseptics for preoperating skin sterilization. 

The reports by Shelton et al. (1939, 1940) which show that maximum germi- 
cidal activity appears with the CieHsa — substituted members of a homologous 
series of quaternary ammonium compounds suggest a more detailed study of 
the properties of cetyl-trimethyl-ammonium bromide. This choice has been 
further influenced by the practical consideration that solutions of this com- 
pound are being used at present extensively for skin disinfection and instrument 
sterilization. Barnes (1942) has shown that solutions of this compound, when 
applied to the skin, greatly reduce the normal skin flora and completely sterilize 
surgical equipment. This investigator further states that clinical experience 
has shown it to be painless and harmless when applied to the skin and that it is 
a very effective preoperative skin disinfectant. The suitability of cetyl-tri- 
methyl-ammonium bromide for surgical purposes has also been studied by 
WilUams et al. (1943) who found that a 1 per cent solution provides an excellent 
antiseptic medium for gloveless surgery as well as for treatment of infected 
wounds and bums. It has also been used for the treatment of impetigo by 
Formap (1943) and by Fischer (1944). 

BESULTS 

Cetyl-trimethyl-ammonium bromide may be prepared by the interaction of 
cetyl bromide (CieHasBr) and trimethylamine. 

CH,. 

C,eH„Br + CH,— N » Br 

CH,/ ChI^ 

It is purified by crystallization from organic solvents and is a white crystalline 
powder, decomposing and melting at 235 to 240 C. It possesss a somewhat 
astringent and slightly bitter taste. 

It is soluble in alcohol, chloroform, and ethyl^ie^ycol, but is very slightly 
scfluble or insoluble in ether, petroleiun ether, acetone, ethylacetate, benzene, 
aikl glycerol. Its peculiar solubility curve in water at different temperatures 
is shown in figure 1. (Data for this curve were detomined by F. J. Bandelin 
oS these laboratories.) 

As may be seen from figure 1, cetyl-trimethyl-ammonium Inxnnide is rather 
insoluble at temperatures below 20 C (less tl^ } per cent). Howevm*, at 



OBRUICIOAL PBOPBBTIB8 OP QUABTBRNABT AMMONIUM SAUTS 


279 


sU^tiy higgler temperature solubility increases tremendously until at 30 C a 
solution of more thw 40 per cent may be obtained. 

It is precipitated from solution by certain alkaloid reagaits including picric 
acid, mercuric chloride, and gold chloride; but not by tannic acid or gelatin. 



5 10 15 20 25 30 

TEMP (C) 

Fio. 1. SoLUBiuTT or Cettl-Tbimbthtii-Ammonicm Bbomidb (in Qkamb PEB lOOiMl.) 
AT Diffebent Teupejeatcbes fboh 5 C to 30 C 


TABLE 1 

Surface tetuion of tolutiont of eetyl-trimethyl-ammonium bromide 


CONCXNTEATION 

6VSf ACE TENStOK 

% 

Dyms/em 

0 

71.7 

0.1 

41.5 

0.25 

40.9 

0.5 

40.4 

1.0 

39.5 

2.0 

38.9 


It is a. cationic detergent and produces a ccmsiderable lowering of the surface 
tttision. Vahies obtained at 26 to 27 C by the ring method with a deNouy 
tonometer are given in table 1. (Data for this table were determined by L. L. 
Manchey, formerly of these laboratories.) Lowering of surface tension is 
recogniwd as a valuable property of antiseptic scrfutions, since the ability to 









280 


J. EKXOQBBaBIDE 


penetrate minute crevices and e€ect intimate oontaot between the germicide 
and the microorganisms dep^ds to a large measure on tins capacity. 

The potency of a bactericidal substance can best be evaluated by determining 
the hipest dilution that can bring about complete sterilisation of a bacterial 
Buspenrion under carefully maintained standardized conditions. For this 
purpose the technique proposed by the Food and Drug Administration and 
described in detail in U. S. D. A. Circular 198 (1931) is most frequently applied. 
By using this technique one can determine the maximum dilution of the bac- 
tericidal substance which produces sterilization of a 24-hour culture of the test 
organism in 10 minutes, but not in 5 minutes, under carefully controlled con- 
ditions, such as temperature, number of organisms, resistance of the strain used, 
and technique for determining complete sterilization. This dilution is defined 
as the “critical killing dilution” for the test organism used at a specified tem- 
perature. Similarly, the “critical killing time” of a germicidal solution is the 
minimum time required by such a solution to produce sterilization of a suspension 
of the test organism under the same carefully controlled conditions. However, 
valuable additional information may be obtained with a small amount of extra 
effort and strict adherence to the prescribed technique. By taking samples 
by loop at closer intervals and for a longer period than the 15 minutes suggested 
in the official FDA method, it is possible to determine the critical killing time 
for different concentrations of the disinfectant. The results obtained may be 
plotted on a curve and from this curve the critical killing time for any given 
concentration can be read. The critical killing dilution, in the sense of the 
FDA, can be read from this curve much more accurately than by direct deter- 
mination. 

The following technique was used: 2.5 ml of different dilutions of the dis- 
infectant in distilled water were mixed with 2.5 ml of 1/15 molar phosphate 
buffer solution. To each tube was added 0.5 ml of a 24-hour culture of the test 
organism in Liebig bouillon (0.3 per cent Liebig beef extract and 0.5 per cent 
Armour special peptone). The resistance of the strain of Staphylococcus aureus 
and that of Eherthdla typhosa, used for the experiment, was tested repeatedly 
against phenol and found to be within the limits set by the F.D.A. 

In short intervals one loopful (about 0.01 ml) was transferred to fresh bouillon 
and after an incubation period of 48 hours the tubes were read for turbidity. 
The shortest time of exposure to produce sterilization was recorded for each 
concentration of disinfectant used. Each experiment was done at least twice 
and the average results were taken. 

Antiseptic properties of the homologues of cetyl4rimethylrammonium bromide 
(CitTAB) 

A study was made of the antiseptic properties of the homrdogous series 
C«TAB, in which the cetyl radical (Ci»Hzr— ) was io>laced teo>e©tivriy by the 
groups: CsHit — , CtoHu — , CuHn — , CuHn — , khd OiJBIir—. (The autiior 
is indebted to Dr. R. H. Barry for preparu^ these quatimuuy ammotuum salts.) 
These confounds will be referred to as CsTAB, CuTAB, ete. 

The solubility Of tire members of the hotnologoua serieB decreases laphfiy witii 
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the increase in carbon chain; that of CuTAB in water at room tanperature is 
less than 0.1 per cent nnd oondderably less than that of CieTAB. CuTAB, 
on the other hand, is considerably more soluble than CuTAB at room tem- 
perature. The lower derivatives are very hygroscopic. 

All experiments were performed at 37 C and at a pH of 8.0. S. aureus, 
strain 209, was used as the test organism. It was foimd that complete sterili- 
zation was not achieved under the conditions of the experiment in one hour 
with 0.1 per cent solutions of compounds that had a chain length of 9 carbon 
atoms or less. However, as may be seen from figure 2, with increase in the 



Fro. 2. CaiTicxii Kiluno Tihb m MimmiB foh Suspensions or Staphtlocoocus ausbub 
AT 87 C AND pH 8.0, WITH DippENENT DILUTIONS OF THE Gbbuicidbs CitTAB, CuTAB. 
CuTAB, CuTAB, and CuTAB 
Logarithmic sc^e 

drain length a tremoadous increase in the germicidal potency of the compounds 
was observed. In accordance with the observation of Shdton et al, (1939, 1940), 
optimum activity is found in cetyl-tiimethyl-ammonium brinnide (CuTAB). 
However, CuTAB and CuTAB are also very pot^t germiddal compounds. 
Rapid sterilization (within 6 minutes) is observed with CuTAB in concentra- 
tions as low as 1/80,000 and a concentration of 1/150/XK) will lead to complete 
stoihzation within (me hour. 

By plotting tlm data (m a logarithmic scale (figure 2), one may see that up 
to a ocmcenhatkm of 1 170,000 a straight line is obtained for CuTAB, indicating 
that the rate duuifeetion follows the law oi a unimolecular reacticm and that, 
toerefore, the rdatitm betwemi the ecmisentiation and the time required to kill a 
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bacterial population can be exprosaed as CH ^ K. In this formula, C is tbe 
dilution, t the disinfection time, and n the dilution coefficient. 

As may be seen, however, from figure 2, in dilutions greater than 1/70,000 the 
slope of the line changes markedly and the above f(»rmula cannot be used. 
Tffis may be due to the fact that in lugher dilutions we are not dealing with the 
bactericidal ^ect of the undissociated molecules, but with tlmt of the ions. If 
tills is the case, then the ionized molecule has a greater dilution coefficient than 
the nonionized molecule. 

CisTAB gives a curve which is similar to that obtained for CwTAB. Its 
bactericidal action is considerably slower than that of CiaTAB and it is not 
active in so high a dilution. The curve obtained with CwTAB, on the other 
hand, lacks the pronounced bend of Ci«TAB and CuTAB. The slope of this 
curve as well as those for CwTAB and CioTAB might suggest that these com- 
pounds are largely ionized in the conc^tration used. CwTAB is a faster- 
working disinfectant than cetyl-trimethyl-ammonium bromide, but it is not 
active in so high a dilution. 


TABLE 2 

Bacteriostatic potency of a homologous series of quaternary salts against Staphylococcus 
aureus in Liebig bouillon^ pH ■■ temp S7 C 


BACTSKICXOAL AGENT 

CUTICAL DXtUTlON PBEVENTINO OBOWTS 

C.TAB 

1:1,500 

CioTAB 

1:7,000 

CiiTAB 

1:70,000 

C 14 TAB 

1:340,000 

CiiTAB 

1:400,000 

^ CisTAB 

1:400,000 


The data presented refer to complete sterilization of a bacterial suspension. 
Preliminary experiments showed that althouidi considerably lower concentra- 
tions of CwTAB than indicated in the curve (about 1/500,000) do not cause 
complete sterilization, they do reduce the percrartage of surviving bacteria to 
a mere fraction of the original number. Undoubtedly CwTAB is, therefore, 
one of the most pot^t germicidal agents. Its phenol coefficient at 37 C and 
pH 8.0 is of the order of 1200. C 14 TAB and CigTAB are of comparable potency, 
but slightly below that of CwTAB, each with a phenol coefficient of 750. 

Similar results for the evaluation of the homologues were obtained uring tiie 
dilution technique. Increaang dilutions of the bactericidal agents in liebig 
broth of pH 6 . 8 , inoculated with S. aureus, were made, and all tubes were 
mcubated for 48 hours at 37 C. The highest dilution which {ribvmted S. aureus 
fwm growing was recorded. This dilution is an expression for the bacteriostatic 
potency of the ag^ts. The results obtained are given in table 2. 

As may be seen from table 2, CwTAB, CwTAB, mid CisTAB prevent 8. aureus 
from growing in dihitioas 2ii to 3 jug per ml. Tins is of the same order as 
several potent antitnotics, such as funugacin or a^iergillic add. 
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A third method, fr^iuently used for evaluation of geimiddes, is the agar cup 
method or the “penidllinder” modification of it. Liebig nutrient ^ar plates, 
inoculated with S. aurem, are provided with small glass cylinder cups. Into 
each cup a few drops of a 0.1 per c«it solution of the antiseptic are placed. The 
plates are then incubated for 24 hours and the width of the zone of inhibition 
around the cups measured. The results obtained are presented in table 3. 

As may be s^ from table 3, practically no activity is observed with the 
compounds CtTAB and CsTAB. The lai^t zone of inhibition is obtained with 
Cul^AB, notwitiistanding the fact that this compound is considerably less ger- 
micidal than CuTAB, CmTAB, and CuTAB. Undoubtedly this is due to the 
fact that CijTAB is able to diffuse more freely through agar than its higher 
homologues. 


TABLE 3 

Bacteriostatic evaluation of a homologous series of quaternary salts by the agar cup method 
in Liebig bouillon agar ^ pH ^6,8, temp S7 C, with Staphylococcus aureus as a 

test organism 


BACFEBICIDAL AGENT 

ZONE or INHIBITION 

Complete 

Partial 


mm 

mm 

CtTAB 

0 

0 

CeTAB 

0 

1 

C.TAB 

0.5 

4 

CioTAB 

1.5 

6 

C 12 TAB 

5.5 

5 

ChTAB 

4 

1 

CieTAB 

0.5 

1 

CmTAB 

0 

0.5 


This lack of con-elation between the plate test and dilution tests was observed 
recently by Tobie and Ayres (1944) also. The use of the plate test for evalua- 
tion of certain germicides undoubtedly has serious drawbacks and should not 
be depended on unless other tests also show high germicidal activity. 

Influence of pH on tlie activity of cetyl-trimeOiyl-ammonium bromide 

Figure 3 represents the results of a series of tests on the germicidal potency 
of cetyl-trimethyl-ammonium bromide at different pH’s. 5. aureus was used 
as the test organism, and the experiments were conducted at a temperature of 
37 C. Phosphate buffer (1/15 m) was used in all tests to maintain a constant 
pH. As may be seen from figure 3, cetyl-trimethyl-amonium bromide is 
considerably more active at a high pH. At pH 8.0 CwTAB may be diluted 
considerably more than at pH 5 and still exhibit germicidal potency. More- 
over, the time required to obtain complete sterilization is shorter at higher pH 
for all concentrations used. Even at pH 6, however, CmTAB is still a highly 
potent germicide. 
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Irtfiuenee 0 / temperatun on the activity of cetyl-trimtihyl<mrnonium bromide 

Similar experiments were done at a temperature of 20 C. The results ob- 
tained were similar to those obtained at 37 C. As would be expected, the 
bactericidal activity at 20 C is reduced as compared with that at 37 C. Critical 
killing dilutions (at 20 C) after 10 minutes’ exposure at pH 6.0, 6.7, and 8.0, 
with S. aureus as the test organism, are 1:18,000, 1:34,000, and 1:60,000, 
respectively. At a temperature of 37 C these values are, respectively, 1 : 52,000, 
1:80,000, and 1:100,000. The phenol coefficient for CmTAB at 20 C at pH 



TIME OF EXPOSURE (innvin) 

Fro. 8. Cbitiojix Killiso Time in Mnnmis of CuTAB fob SusniHsioNa of 
StAPBTLOCOOCOS AT7BKCB AT 37 C AT DlFFBBXNT pH’s 

Logaritlmuc scale 

6.0, 6,7, and 8.0 were found to be 300, 600, and 830, respectively, as compared 
with 650, 1,000, and 1,250 at a temperature of 37 C. 

SuscepHbilUy of various bacteria species . 

Several species of microorganisms were cultivated for 5 succeonve transplants 
in Liebig broth and then subjected to a germicidal test at 37 C and pH 8.0. 
The results of these tests are ^ven in figure 4. 

As may be seen from figure 4, EscheritMa coU, Staphyloeocous aureus, a nd 
Saimmdla paratyphi are about equally sensitive to the action of CmTAB. 
Eberthella typhosa is slia^htly more susceptible, whereas a strain of Staphylococcus 
oMs was the rnost susceptible; a ccmcentration of CmTAB of 1/300,000 stai- 
lised a suspaision of the latter organism in 30 minutes as conrpared with a 
1/160,000 crmoentration for S. aureus. Spores of Bacillus subtUis were most 
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redstaat to the action of CuTAB. A spore suspension of this organism was 
prepared by susprading the growth of a 3-day-oId agar slant in Liebig bouillon. 
Before the experiment, this suspension was heated for 10 minutes at 80 C to 
destn^ vegetative cells. 

A concentration of 1/5,000 was required for complete sterilization of a B. 
mibtilis spore suspension after a 1-hour exposure, and a 1/2,000 solution to 
obtain the same results in i minute. Vegetative cells of B. subtUis, however, 
seem to be very sensitive to the action of CieTAB in so far as its bacteriostatic 
effect is concerned. A dilution test with Liebig bouillon, inoculated with the 
same spore suspension as was used for the germicidal test, showed complete 



CRIT. KILLING TIME (in min) 


Fro. 4. CamcAL Kh-lino Time ik Minutes of CuTAB at 37 C and pH 8.0 fob 
Suspensions of Diffebent Bactebia 

absence of growth in all tubes containing CwTAB in a dilution of 1/700,000, or 
lower. This result is equal to or better than that obtained with S. aureus. 
It indicates that, althou^ spores are not destroyed, small amounts of CuTAB 
will prevmt them from germinating or will destroy them when germination 
occurs. 

Irtfiuence of serum (and milk) on germicidal potency 

As is the case with most germicidal agents Ci»TAB is inhibited in the presence 
of blood serum. Addition of CuTAB to dilute serum causes a definite pre- 
dpitation. With excess of serum, however, no immediate precipitate is formed. 
I^re 5 gives ^e results of a number of bactericidal tests with CuTAB in the 
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pres^(» of increaadng amounts of normal horse serum. All tests were con- 
ducted at pH 8.0 and at 37 C with S. aureus as a test organism. As may be 
seen from figure 5, addition of as little as 2 per cent serum produces a mariced 
reduction in the potency of CwTAB. In the presence of 2, 5, 10, and 20 per 
coit of serum, the phenol coefficient at 37 C decreases from 1,200 in the absence 
of serum to 380, ^5, 150, and 62, respectively. Notwithstanding this serious 
inhibition, a 1:2,000 solution of Ci«TAB has still sufficient bactericidal potency 
left to sterilize a culture of S. aureus within i minute in the presence of 20 
per cent serum. 



CRIT. KILLING TIME C'N 


Fig. 6 . Cbitical Kiluko Time in Minutes of C,iTAB at 37 C and pH 8.0 fob 
Suspensions of Staphylococcus Aubeus in the Pbebence of Diffsbent 

CONCENTBATIONS OF NoBMAL HOBSE SeBUM 

Milk also reduces the effectiveness of CuTAB considerably. In the presence 
of 50 per cent of milk the phenol coeffident for S. aureus at 37 C is reduced to 56. 

The inhibitory ^ect of serum is less pronounced on the bacteriostatic potency 
of quaternary ammonium salts. Only 2 to 2.5 times as much of most of these 
compounds is required in the presence of 10 per cent smun to achieve the same 
inhibitory effect as under the same conditions without serum. 

Table 4 gives the result of a comparative study qf several of the common 
antiseptics, including certain quaternary ammonium salts, mercurials, and 
phenolic compounds, tested both in the presence and absoice of serum. 

Liebig broth, inoculated with S. aureus, and containing increasing amounts 
of the genniddes, was incubated for 48 hours and the greatest dilution pre- 
venting growth was recorded. 
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As may be seen from table 4, Na-ethyl-mercuri-thiosalicylate (“mertiiiolate”) 
is by far the most effective inhibitoiy agent, both in the presence and absence , 
of serum. A dUution of one in two or three million will prevent S. aureus 
from growing. This action is mainly bacteriostatic, however, since even a 
hundred times higher concentration failed to sterilize the inoculated culture 
medium after an exposure of 24 hours to this germicide. By transferring a 
loopful to Brewer’s medium, containing sodium thioglycollate, a substance which 
neutralizes the action of mercurials, the presence of surviving organisms could 
be readily demonstrated. 


TABLE 4 


Bacteriostatic evaluation of germicides in Liebig bouillon^ pH » 6.8f with and without serum^ 
with Staphylococcus aureus as a test organism at $7 C 


BACTEftlClDAL AGEKT 

CRITICAL BACTEEIOSTATIC DILUTION 

Liebig broth 

Liebig broth -|- 10% 
serum 

CioTAB 

7,000 

4,500 

Cl, TAB 

70,000 

30,000 

CmTAB 

340,000 

82,000 

C„TAB 

400,000 

170,000 

CmTAB . ... 

400,000 

200,000 

Mixture of high molecular alkyl-dimethyl-benzyl- 
ammonium chlorides 

400,000 

140,000 

p- tertiary- octyl - phenoxy-ethoxy- ethyl- dimethyl - 
benzyl -ammonium chloride . . 

400,000 

140,000 

Cetyl pyridinium chloride . 

1,000,000 

420,000 

Phenol 

450 

280 

Hexylresorcinol.. 

30,000 

6,800 

Iodine 

3,200 

20,000 

Na salt of 2:7 dibromo-4-hydroxy-mercuri-fluor©B- 
cein 

32,000 

30,000 

Na-ethyl-mercuri-thiosalicylate 

2,300,000 

3,000,000 

4-nitro-anhydro-hydroxy-mercuri-o-cre8ol ..... 

750,000 

470,000 

Air.nrotein f colloidal) 

18,000 

16.000 


All other compounds tested, including the quaternary ammonium salts, 
were mainly bactericidal. A concentration of 2 to 5 times the critical bacterio- 
static dilution was found to be bactericidal. The inhibitory effect of serum on 
the activity of quaternary salts is approximately the same for all compounds 
tested; about 30 to 50 per cent of the activity remains effective in the presence 
of 10 per cent serum. This inhibition is of the same order or less than that 
observed with other germicides such as “metaphene” and hexylresorcinol. 

A remarkable potentgr was observed with iodine in the presence of serum, far 
exceeding that obtained in the absence of serum. This additional activity, 
probably due to the interaction of iodine on serum constituents, was found to 
be of bacteriostatic nature only. 
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BTJMliIABT 

A study was made of the bactericidal and bacteriostatic properties of tiie 
homologous series of quatemaiy ammonium salts derived from tetramethyl 
ammonium bromide. It was found that bactericidal properties became evident 
when one methyl group was replaced by a nonyl group. Further increase in 
the chain length produced compounds of high germicidal potraicy with a definite 
masdmum for cetyl-trimethyl-ammonium bromide. The dfect of pH, tempera- 
ture, and the inhibitory effect of serum on the bactericidal and bacteriostatic 
properties of this compound was studied in more detail. The bactericidal 
potency of this compound increases considerably with increasing pH. At 
pH 8.0 its phenol coefficient for Staphylococcus aureus at 37 C was found to 
be 1,200. When added to nutrient broth, 3 Mg per ml will prevent growth of 
Staphylococcus aureus. Gram-positive and gram-negative species are equally 
affected. In the presence of serum a considerable part of the germicidal potency 
is lost. Comparison of its potency with that of a series of commonly used 
disinfectants shows that this compound is one of the outstanding bactericidal 
and bacteriostatic agents. 
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Dittmer, Melville, and Du Vigneaud (1944) used LactobadUtis cam as a test 
organism to demonstrate that Saccharomyces cerevisiae, strain 139, converted 
desthiobiotin into biotin or some biotin vitamer. Simultaneously Lilly and 
Leonian (1944a) reported that Lactobacillus arabinosus, Sordaria fimicola, and 
Ceratostomella pini 416 manifested increased growth when the nutrient medium 
contained less than depressant amounts of desthiobiotin in addition to biotin. 
Since none of these organisms grew in the presence of desthiobiotin alone, it 
was presumed that the increased growth was caused by the utilization of desthio- 
biotin in the presence of small amounts of biotin. It is possible that desthio- 
biotin might exert a sparing action on biotin under certain conditions. 

Dittmer, Du Vigneaud, Gyorgy, and Rose (1944) found that biotin sulfone 
supported only limited growth of S. cerevisiae, strain 139, and postulated that 
this vitamer of biotin can fulfill only a portion of the functions of biotin in the 
growth of this strain of yeast. These results suggested the possibility that 
organisms unable to use desthiobiotin in the absence of biotin may do so to a 
limited extent in its presence either because of partial replacement or because 
of transformation into other vitamers of biotin. 

QUALITATIVE STUDIES 

Some preliminary tests were made with the following twelve yeasts: Saceharo- 
myces cerevisiae, “old process,” Mycoderma valida, Zygoscuxharomycesmarxianus, 
Deibaryomyces matruchoti v. subglobosus, Saccharomyces carW)ergensis, S. chodaii, 
Endomycopsis fdndiger, Schizosaccharomyces pombe, Zygosaccharomyces lactis 27, 
Mycotonda lactis 130, and Torula lactosa 168. These organisms were grown in a 
nutrient medium where desthiobiotin* (0.5 pg per liter) replaced biotin. After 
an incubation period of three days at 25 C the cells were harvested and hy- 
drolyzed by autoclaving for one hour in 1 per cent sulfuric acid. The hydroly- 
zates were tested for biotin activity by Lactobacillus arabinosus, Lactobacillus 
casei, Rhizobium trifolii 205, and Sordaria fimicola. All four of these organisms 
grew well in all the hydrolyzates, indicating conversion of desthiobiotin into 
biotin or some biotin vitamer by all twelve of the foregoing yeasts. 

Four filamentous fungi, Ncurospora crassa, Neurospora siiophila, Ceratosto- 
mella ips 438, and Ceralastomdla montium, were also gi^wn in the presence of 

* Published with the approval of the Director of the West Virginia Agricultural Experi- 
ment Station as Scientific Paper No. 334. 

' Obtained through the courtesy of Dr. R. T. Major of Merck and Company. 
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desthiobiotin in place of biotin; the mycelium was acid-hydrolyzed, and the 
hydrolysate test^ with LadobcKtUia casd and Sordaria fimicola. The enwiing 
rich growth indicated that these filamentous fungi also were capable of con- 
verting desthiobiotin into biotin, or some biotin vitamer active for the% test 
organisms. 


QUANTITA'nVB STUDIBS 

The following four organisms were chosen for the quantitative studies: Sae~ 
charomycea cerevisiae “old process,” Neurospora eitophila, Sordaria fimicola, 
and CeratoaiomeUa pint 416. The first two grow just as wdl in the presence of 
desthiobiotin as in that of biotin; the last two make no growth when desthio- 
biotin replaces biotin in the medium. With the exception of the vitamins, the 
basal medium was essentially the same for all four organisms and consist^ of 
the following substances: 


KHa*0« Ig 

MgS04 0.6 g 

Casein hydrolysate equivalent to 2 g of casein 

Fumaric acid 1.32g 

Sodium carbonate 1.12g 

Glucose 25 g 

Fe 0.0002 g 

Zn 0.0002 g 

Mn 0.0001 g 

Distilled water 1,000 ml 


The glucose, fumaric acid, and casein hydrolysate were treated with norit A, 
5 grams per liter. 

llie only vitamin added to the Sordaria medium was biotin, 4 micrograms per 
liter. The pH was adjusted to 6.6 before autoclaving. The incubation period 
was 6 days at 26 C. The Neurospora medium contained 100 micrograms of 
P 3 rridoxine, 200 micrograms of thiamin, and 1 microgram of biotin. The pH 
was 6.6, and the incubation period 3 dasrs at 26 C. The yeast medium con- 
tained 100 micrograms each of pyridoxine and pantothenic acid, 1 microgram 
of biotin, and 10 milligrams of inositol. The pH was adjusted to 6.0, and 
the incubation period was 3 days at 26 C. To each lot of 1,000 ml of Cerato- 
sUmeUa medium were added 200 micrograms each of thiamin, riboflavm, pyri- 
doxine, pantothoiic add, nicotinic acid, p-aminobenzoic add, 6 micrograms of 
biotin, 10 mg of inodtol, and the filtrate from 1 g of yeast extract twice treated 
with norit A at pH 4. In addition, 100 mg each of cystine and tryptophane 
were added to compmsate for the posdble shortage of ^ese amino adds in the 
casdn hydrolysate. The pH of the medium was 6.0 before autoclaving. The 
incubation period was 8 das^s at 26 C. 

The nutrifflit medium for each organism was divided into two lots: Tire first 
lot (xmtained, in addition to the other vitamins, biotin in the amounts spedfied. 
The second lot contained biotin plus 1,000 micrograms of desthiolnotin per 1,000 
ml of the medium. After the spedfied incubation period the yeast cells and tire 
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fungus mycelium were separated from the spent medium by filtering through 
alundum crucibles. The filtrate was concentrated under reduced pressure to 
such an extent that upon the addition of 20 per cent of 95 per cent alcohol the 
volume was restored to the original level; this was stored in the refrigerator. 
The yeast cells and the fungus hyphae were acid-hydrolyzed, made into a 
definite volume with 20 per cent alcohol, and stored in the refrigerator. 


ASSAY METHODS 

Various amounts of both the filtrate and hydrolysate were added to the various 
baric media and assayed for both biotin and desthiobiotin by means of the 
following test organisms : LactohaciUua arabinosua, LactobadUua casei, Rhizdbium 
trifolii, and Saccharomyces cerevisiae, “Gebriider Mayer.” The nutrient medium 
for the two species of Lactobacillus was that of Landy and Dicken (1942) except 
that glucose was increased to 20 g per liter, sodium acetate to 20 g, and cystine 
to 0.2 g. Rhizobium trifolii was grown in a medium of the following composition : 


KH,P04 

MgS04 

NaCl 

FeS04 

KNO, 

Sucrose 

Thiamin hydrochloride 
Distilled water 


1.0 g 
0.2 g 
0.2 g 
0.01 g 
1.0 g 
10.0 g 

100 Mg 
1.000 ml 


The pH of the solution was adjusted to 7, and after being filtered, it was 
readjusted to the same point. The cultures were incubated for 72 hours at 30 C. 
Norit treatm^t was omitted because it induces poor growth. Saccharomyces 
cerevisiae, “Gebriider Mayer,” was grown in the yeast medium described above. 
For a full description of the methods of assay used see Leonian and Lilly (1945). 

Three of the test organisms used for assay, Lactobacillus arabinosus, Lado- 
baciUua casei, and Rhizdnum trifolii 205, do not respond to desthiobiotin either 
as a growth substance or as an antibiotin at the concentrations used in these 
assays. Therefore the assay values obtained with these organisms do not 
include destluobiotin; that other vitamers of biotin may be active for these 
organisms must be considered. Lilly and Leonian (1944b) found no difference 
in the quantitative response of Saccharomyces cerevisiae, “Gebriider Mayer,” 
to biotin and desthiobiotin under the conditions used for assay. Equal-weight 
mixtures of biotin and desthiobiotin permitted the same amount of growth as 
with either separately. Thus, the assay values obtained by the use of S. cere- 
visiae, “Gebriider Mayer,” represent the sum of the amounts of biotin and 
desthiobiotin present. In addition, the possibility of other active vitamers of 
biotin for this oi^nism must be ccmridered. 

Table 1 gives the assay results. All values are given in tenns of micrograms 
of biotin, desthiobiotin, or biotin vitamers detected in one liter of spent medium, 
and in the amount (ff ceils or hyphae harvested from (me liter of the medium. 
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TABLE 1 

Convtriion of dggthiobiotin into biotin or vitamers of biotin 


Amounts of biotin and desthiobiotin recovered from cells of 4 organisms grown in the 
presence of known amounts of biotin, and biotin and desthiobiotin. 


TEST OEGANISM 

BIOTIN BECOVESED 

BIOTIN ANDBESTHIOBIOTIN BECOVBHED 

Cells 

Medium 

Total 

Cells 

Medium 

Total 

Sordaria fimicola assayed 

(4 mK of biotin added) 

(4 Mg biotin and 1,000 ag of 
destbiobiotin added) 

L, arahifU>BU8 

0.83 

warn 



HI 

1.09 

L, easet 

2.16 




KiW 

1.26 

E, irifolii 205 

0.78 

■n 

1.02 



2.24 

S, cerevMae, *'GebrticIer 







Mayer** 

0.69 

0.20 

0.89 



629.64 


Saccharomyces carevtWae, "old process," assayed 


(1 iig of biotin added) 

(1 Mg biotin and 1,000 ag of 
desthiobiotin added) 

L. arahinosus 

0.18 

WSM 

WEM 

1.84 : 

0.16 

2.00 

L. casei 

0.53 

mSm 


5.76 

0.0 

6.76 

R. irifolii 205 

0.072 


mm 

0.32 

0.013 

0,333 

S. cerevisiae, ^‘Gebrllder 







Mayer** 

0.12 


0.14 

6.45 

640.00 

646.45 


Neurospora siiophila assayed 


(1 jsg of biotin added) 

(1 Mg biotin and 1,000 Mg of 
desthiobiotin added) 

L. arabinosus 

0.20 

0.14 

WM 

1.84 

3.60 

5.44 

Zf. eoBei 

0.35 

0.04 

m 

2.86 

2.32 

5.18 

R, irifolii 206 

0.06 

0.04 

na 

4.60 

9.90 

14.40 

8, cerevisiae, “Gebriider 




1 



Mayer** 

0.12 

0.02 

0.14 

2.68 

560.00 

562.58 


Ctfaiosiom9Ua pint assayed 


. (2 Mg of biotin added) 

(2 MS biotin and 1,000 Mg of 
desthiobiotin added) 

L. arabinoBua 

mM 

0.11 

iQi 

0.62 


1.04 

L, casei 

mm 

0.14 


1.16 

B9 

1.50 

R. irifolii 205 

0.31 

0.02 


0.66 

Ha 

1.11 

8. eerevisiae, **GebrClder 







Mayer** 

0.42 

0.06 

0.47 

1 

2.23 

600.00 

602.23 


DISCUSSION 

Table 1 shows that when a biotin-requiring orgaiusm is grown in the presence 
of biotin, a certain amount is no longer recoveraUe. The amount of biotin 
recovered depends upon the organism first grown in the medium, and upon the 
test organkm used to assay tiie spent medium and cdls. If we assume tiie 
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unrecovered biotin to be the amount “used,” the situation with regard to 
Ceratostomdia pini 416 is as follows: this organism was grown upon a medium 
containing two micrograms of biotin per liter; the amount of biotin “used” 
dep^ds upon the test organism used for assay. Thus, L. arabinoms assayed 
1.24 /tg ; L. casei, 0.34 fig; R. trifolii 205, 1.67 fig, and S. cerevisiae, “Gebriider 
Mayer,” 1.53 jug. There is a five fold variation in the amount of biotin “used” 
by C. pini under a given set of conditions, depending upon the choice of test 
organism used to assay “biotin.” 

It seems to us, therefore, that the explanation of these results should be sought 
along the following lines of reasoning: the changes wrought on the biotin molecule 
by C. pini 416 during growth are such that only a little of the biotin activity is 
lost for L. casei. These same changes in the biotin molecule, however, are such 
that R. trifolii 205 can utilize only one fifth as much of the remaining biotin 
activity as does L. casei. Similarly each biotin-requiring organism makes its 
own pattern of change on the biotin molecule, which is reflected in the changing 
proportion of activity reported by the test organisms for each case studied. 

The situation with regard to desthiobiotin is somewhat more complicated. 
The amount of desthiobiotin recovered in the filtrate amounted to about 60 
per cent of the amount added. Apparently all four organisms destroyed the 
activity of desthiobiotin for S. cerevisiae, “Gebriider Mayer,” to an equal extent. 
A sparing effect of desthiobiotin on biotin “used” by S. fimicola and C. pini 
was observed when L. arabinosus and R. trifolii 205 were used as test organisms. 
When L. casei was the test organism, the opposite was fmmd. No evidence 
was found to support the h 3 q}othesi 8 that organisms unable to utilize desthio- 
biotin in the presence of biotin {S. fimicola and C. pint) converted it into biotin 
or any of its vitamers active for L. arabinosus, L. casei, or R. trifolii 206. It is 
apparent, however, that the mycelium of S. fimicola stored desthiobiotin, in- 
asmuch as S. cerevisiae, “Gebriider Mayer,” assayed 29.64 micrograms of 
“biotin.” That this stored “biotin” was probably desthiobiotin was shown 
by the expected destruction of activity on acid autoclaving (see Dittmer, Mel- 
ville, and Du Vigneaud, 1944). The situation with regard to the organisms 
that utilize desthiobiotin {S. cerevisiae, “old process,” and N. sitophila) presents 
a number of points of interest. First, with regard to the “biotin” content of 
the cells of S. cerevisiae, “old process,” grown in the presence of 1 fig of biotin 
and 1000 fUg of desthiobiotin, both L. arabinosus and L. casei (neither of which 
respond to desthiobiotin) assay more biotin than was originally in the medium, 
and we conclude, therefore, that some desthiobiotin was converted into biotin 
or vitamers active for these organisms. However, R. trifolii 205 did not give 
an assay value greater than the amount of biotin ori^ally present, so it appears 
doubtful that S. cerevisiae, “Gebriider Mayer,” converted much desthiobiotin 
into biotin per se. An alternative explanation would be the formation of an 
inhibitory substance that depressed Hie assay value of R. trifolii 205. 

When the mycelium of N. sitophila grown in the presence of 1 pg of biotin 
uid 1000 me of desthiobiotin was assayed for “biotin,” the three test organisms 
which were unable to utilize desthiobiotin assayed more biotin (1 pg) than was 
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originally added to the medium. Indeed, R. trifolii 206 assayed more “biotin” 
than either L. arabinosut or L. casei. It should be noted that N. sitophila 
excreted substances having “biotin” activity into the medium; this is in contrast 
with the situation found with S. ceremsiae, “old process,” in which the enhanced 
activity was found in the cells alone. 

The situation reported here is not inconsistent with what is known regarding 
vitamers. Although many vitamers of biotin have been shown to possess only 
a small fraction of the activity of biotin itself (Dittmer and Du Vigneaud, 1944), 
one (desthiobiotin) has the same activity as biotin for S. eerevmae, strain 139 
(Dittmer, Melville, and Du Vigneaud, 1944), and S. eerevmae, “Gebriider 
Mayer” (Lilly and Leonian, 1944b). Whereas in general vitamers may be 
thought to be less active than the vitamin, such is not always the case as was 
shown by Snell (1944) for pyridoxal and pyridoxamine, which have activities 
ran^g from 1 to 6,000 depending upon the test organism in question. 

To the important concept of species specificity of vitamers strcKied by Burke 
and Winzler (1943) there must be added the equally important findings that 
vitamer activity may vaiy from test organism to test organism. With these two 
criteria in view the results presented here are susceptible of reasonable explana- 
ticHi. The complete exposition awaits further investigation. 

SUMMABY 

Twelve yeasts and four filamentous fungi grown upon desthiobiotin converted 
it into biotin or vitamers of biotin active for the following organisms unable to 
utilize desthiobiotin: LactobactUtis arabinoma, Lactobadlhis casei, Rhucbivm 
trifolii 206, and Sordaria fimicola. Quantitative determinations failed to recover 
all the biotin activity from the following organisms grown upon known amoimts 
of biotm: Sordaria fimicola, Saccharomyces cerevisiae, “old process,” ATewrosporo 
sitopkUa, and Cerato^omeUa pini. The amount of biotin activity recovered 
depended upon the organism being assayed and the test organism used. 

When these organisms were grown in the presence of 1,000 micrograms of 
desthiobiotin in addition to biotin, S. cerevisiae, “old process,” was found to 
convert desthiobiotin into substances having biotin activity for L. arabinosus 
and L. casei, but not for R. trifolii 206, whereas N. sitopkUa converted desthiO" 
biotin into vitamers biotin active for the former two test organisms and for 
R. trifolii 206 as well. No evidence of conversion of desthiobiotin into biotin 
vitamers active for L. arabinosus, L. casei, and R. trifolii 206 by 8 . fimiccia 
and C. pini was foimd. The mycelium of S. fimicola stored large amounts of 
desthiobiotin whereas that of C. pini did not. 

REFERENCES 

BuBi:, D., AND WiNKiiBB, R. J. 1943 Heat-labile, avidin-uncombinable, apecies-specifie 
and other vitameia of biotin. Science, 97, 67-90. 

Dittubb, K., Mblvillb, D. B., and Du ViaNBAUD, V. 1044 The poaaible ayntheaia of 
biotin from desthiobiotin by yeast and the anti-biotin effect of desthiobiotin for Z>. 
ease*. Science, 99, 203-206. 

DinvEB, K., AND Du ViGNBAUD, V. 1944 Antilaotins. Science, 100, 129-131. 



COHVBBSION or DBSTHlOBtOTIN INTO BIOIXN 


297 


Dittiosb, K., Dd ViamBAtTD, V., GtObot, P., and Robb, C. S. 1944 A study of biotin 
sulfone. Arch. Bioohem., 4 , 229-242. 

Lamdt, M., AND Dickem, D. M. 1942 A microbioloiical assay method for six B vitamins 
using Laetobacilhu eatei and a medium of essentially known composition. J. Lab. 
Clin. Med., 27, 1086-1092. 

Leonian, L. H., and Lildt, V. G. 1946 The comparative value of different test organisms 
in the microbiological assay of B vitamins. West Va. Agr. Exptl. Sta., Bull. 317. 
Lildt.V.G., AND Leonian, L.H. 1944a The anti-biotin effect of desthiobiotin. Science, 
99 , 205-206. 

Lillt, V. G., AND Leonian, L. H. 1944b A quantitative comparison of biotin and des- 
thiobiotin for the growth of certain microorganisms. Proc. West Va. Acad. Sci. 
In press. 

Sneu., E. E. 1944 The vitamin activities of “pyridoxal” and “pyridoxamine.’^ J. 
Biol. Chem., IH, 313-314. 




STUDIES ON THE MODE OF ACTION OF COMPOUNDS CONTAINING 

AVAILABLE CHLORINE 


H. C. MARKS, ORVILLE WYSS, and FREDE B. STRANDSKOV 
Beteareh Department, Wallace & Tieman Co., Inc., Belleville, N. J. 

Received for publication October 20, 1944 

In a study of the bactericidal properties of various forms of active chlorine, 
certain preliminary results have been obtained which concern the mechanism 
by which N-chloro compounds react in aqueous solution. Information of this 
type is valuable because this form of active chlorine is frequently a useful means 
of application,, and because in many cases where chlorine or hypochlorites are 
used there may be present nitrogen compounds capable of forming N-chloro 
derivatives. The extent to which this occurs, and the nature of the resulting 
compound, will largely determine the result obtained. 

In aqueous solution it is necessary to consider that the reactivity of the 
N-chloro compound may be due in whole or in part to the hypochlorous acid 
and hypochlorite ion that are present in accordance with the hydrolysis and 
ionization equilibria. Although the degree of hydrolysis may be very slight in 
many cases, its effect can be significant if the activity of hypochlorous acid is 
sufliciently great compared to the unhydrolyzed N -chloro molecule. The experi- 
mental results indicate, m a few representative cases, under what conditions 
and to what extent the bactericidal properties of N-chloro compounds can be 
attributed to the small concentrations of hypochlorous acid that may be present 
under equilibrium conditions. 

It is assumed that the speed of hydrolysis is greater than the rate at which 
h}q}ochlorous acid is' consumed in killing the oi^anisms and therefore need 
not be considered. The experimental conditions have been limited to dilute 
aqueous solutions, the pH values of which range from 4 to 9. With these 
restrictions, active chlorine in the form of dissolved molecular chlorine need 
not be considered, since its concentration would be insignificant (Jakowkin, 
1899). 


EXPEBIBfENTAIi PROCEDURE 

Organisms. The spores of Bacillus meticns (Rudolph and Levine, 1941) 
were grown on agar fiats at 37 C for one week at which time most of the organisms 
wrere in the spore stage. They w^ere suspended in saline solution, and the 
Buspenfidon was washed twice by centrifuging and stored m the refrigerator until 
used. The Escherichia coli cells were grown in nutrient broth, removed by 
centrifuging, washed twice, and used unmediately. 

Beagents. Water, free from reducing properties, was prepared by adding 10 
ppm chlorine to distilled water and permitting it to stand for about a week. 
It was then set in the sun for a few days to remove the active chlorine. Before 
use, it was checked to make sure that it had neither chlorine residua! nor chlorine 
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demand. It was buffered with m/50 phosphate for pH studies in the range of 
pH 6 to 8, with acetate for studies bdiow pH 6 and borate for studies above 
pH 8. 

Hre 3,5,5-trimethylhydantoin was prepared by the method of Biltz and 
Slotta (1926) and reciystallized to constant biological activity. 

N-inethyl-p-toluenesulfonamide was prepared by the reaction of p>toluene- 
Bulfonyl cUoride on methylamine (Crossley et al., 1940). 

Piperidine was obtained from the Eastman Kodak Company. 

MeOu>d. Stock hypochlorite solutions were prepared from chlorine gas 
babbled into sodium hydroxide solutions. The proper quantity was added 
to the buffered water or to the solution of the nitrogen compound in the buffer. 
Samples were removed initially and at times during the experiment, to deter- 
mine the chlorine residuals. Available chlorine was determined by iodometric 
titration, and free chlorine was determined by amperometiic titration (Marks 
and Glass, 1942). About 200,000 organisms per ml were added to the equili- 
brated solutions, and at measured time intervals aliquots were removed to tubes 
contain ng sufficient sterile sodixun sulfite to inactivate the chlorine. Plate 
counts were made from these aliquots, and the logarithms of the percentage of 
survivors were plotted against time. The time for 99 per cent lulling was 
estimated from these curves. 


BBStrc/rs 

Bactericidal 'properties of hypochlorous acid. Before discussing the N-chloro 
compounds, it will be worthwhile to consider the properties of hypochlorous add, 
in view of its apparent importance. Usually pH has a pronounced effect on 
the activity of available chlorine in any form and the nature of this ^ect should 
provide valuable information of fundamental significance. Weber and Levine 
(1944) have studied the influence of pH on the action of hypochlorous acid on 
B. metiens spores and this work has been expanded somewhat. The relation 
between pH and the rate at which hypochlorous add kills spores has beei 
studied over the pH range 6 to 9 with hypochlorous acid concentrations tangii^ 
from 0.5 to 450 ppm available chlorine. The concentration range changed as 
the pH changed in order to obtain 99 per cent kiHing in convenient and readily 
measurable time periods. In agreement with Levine it was found that at 
each pH value, the log of the time required for 99 per cent killing plotted against 
the log of concentratimr gave a straight fine and that the rate of sterilization 
decreased rapidly as the pH increased. 

Calculation shows that the variation of death rate with pH is such that it can 
be accounted for by assuming- that undissodated hypochlorous add is the 
active form and that hypochlorite ion is entirely inactive (Holwerda, 1928). 
This is illustrated in figure 1 in which the log of the time required for 99 per cent 
killing is plotted against the log of the omicentration of undissodated hypo- 
chlorous acid as calculated from the total available chlorine conoentration at 
eadr pH value. In the calculation of the concentration of undissociated hypo- 
chlorous at^, the value of 6.8 X 10~* has be«i used as tlm ionization constant 
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(Holst, 1940). It will be Doted that over the pH and concentration ranges used, 
all the points on the same straight line within a reasonable degree of error. 
Thus, the effect of pH on the sporicidal activity of active chlorine solutions of 
this type can be attributed to its effect on the relative amounts of hypochlorous 
acid and hypochlorite ion present. Such a result makes it reasonable to expect 
that the effect of pH on the activities of N-ehloro compounds, for example, can 
be expressed by a combination of this relationship with one giving the pH de- 
pendence of other important factors, such as extent of hydrolysis. 



-AS -as -AS -AS O A« AS AS AA 

A«o UH^ieNOum HOC! coNcenTfWTfon ( esst tMUtnaiM C/» ) 


Fio. 1. SpoaicmAL AcnoK ab a Function or CoNCKNraATioN or Un-ionizso 

Htpochloboub Acid 


The activity of Oie unhydrolyzed molecule. A factor other than the hydrolysis 
which may influence the reactivity of N-chloro compounds is the inherent 
toxicity of Ihe unhydrolyzed molecule. For the purpose of getting an indica- 
tion of the relative importance of the two forms, nitrogen compounds were 
chosen for illustrative rather than practical value. It is necessary to choose 
ccanpounds and conditions such that the solutions are sufficiently stable in order 
that differences in lulling rates cannot be attributed to different rates of loss of 
available chlorine. This is important in the studies with spores because of the 
lon^ time periods that may be involved. The compounds should also be capable 
of forming only monochloro derivatives under the conditions of the experiment, 
so that changes in activity resulting from changes in nitrogen to chlorine ratio 
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cannot be attributed to changes in i^e relative proportions of monochloro and 
didiloro compounds. 

In the following tables are included data on the killing rate as a function of 
the ratio of nitrogen to chlorine. Table 1 shows the effect on B. metima spores 
of available chlorine in the presence of N-methyl-p-toluenesulfonamide, 3,5,5- 
trimethylhydantoin, and piperidine. Solutions of the first two compounds are 
sufficiently stable and the duration of the experiment is sufficimtly short that 
practicaUy no loss in chlorine occurs. For this reason the data obtained with 
these compounds are reproducible. Piperidine is included chiefly for the pur- 
pose of illustrating the large variations in activity that are encountered among 
N-chloro compounds; this one being relatively inactive. The long duration 
of the experiment and the hi^ concentration required cause some losses in 
chlorine to occur, so that only the order of magnitude is important. Further, 
when the stoichiometrical quantities of nitrogen and chlorine are present, the 


TABLE 1 

Effect of nitrogen-chlorine ratio (N/Cl) on eporicidal activity 
pH “ 7; temp 26C 


N-MXTRirL-^-TOLtrENESULFONAlCFDE 

25 FPU AVAIL. CU 

3.5, S-TUICETBYLa YD ANTOm 

500 FPIt AVAIL. Cl) 

PIPERIDINE 400 PPM AVAIL. Cl) 

N/Cl 

KT 

N/Cl 1 


N/Cl 

KT 

1.2 

0.90 

■m 


2.0 

9.0 

1.4 

1.13 



2.5 

14.0 

1.6 

1.25 

ksh 

1.13 

10 

22.0 

1.8 

1.35 

5.0 

1.58 


24.0 

2.0 

1.40 

7.0 

1.67 

40 

26.Q 

6.0 

1.40 

10 

1.63 





20 

1.63 




ET •- Time in home for 99 per cent kill. 


sporicidal activity resides entirely in the small ctmcentraticm of hypochlorous 
acid present, so that results obtained in such solutions are subject to consider- 
able error. 

It is observed that as the nitrogen is increased above that stoichiometrically 
necessary to form the N-chloro compound, the activity decreases in such a way 
as to approach a limit. It is evident that the decrease in activity corresponds 
to a decrease in the concentration of hypochlorous acid, owing to the displace- 
m^t of the hydrolysis equilibrium. Eventually the point is reached beyond 
which further increase in the nitrogen concentration produces no significant 
change in activity. This is interpreted to mean that the concentration of hypo- 
chlorous acid has become so small that its activity s negligible with respect to 
that of the unhydrolyzed N-chloro compound. The bactericidal efiSciency of 
the latter species is probably measured by the activity observed under these 
ccmditions. 

Table 2 idiows tire effect of increasing concentrations of the three compounds 
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on the rate at which chlorine kills Escherickia coU. With this nonsporeforming 
organism, the bactericidal activity varies with nitrogen concentration in a fashion 
similar to that observed in the spore experiments. The activities of the three 
unhydrolyzed N-chloro compounds fall into the same order with E. coli as with 
B. metiens spores, although the resistance ratios are probably very different. 

Although the toxicity of the unhydrolyzed molecules may vary widely, it is 
apparent that the bactericidal action of solutions of pure N-chloro compounds 
with no excess nitrogen will be largely dependent on the amount of hypochlorous 
acid present and hence on the hydrolysis constant. Attempts to measure this 
quantity have been only partially successful. Soper (1924) used a solubility 
method on the N-chloro-p-toluenesulfonamides and obtained reasonable values. 
However, even slight decomposition causes large errors in the method, so that 
it is of limited applicability. 


TABLE 2 

Effect of nitrogen-chlorine ratio on death rate of Escherichia coli 
pH — 7; temp 25 C; 2 ppm available chlorine 


N/Cl 

TIICK 99% KILL 

N-methvl-^-toluenc- 

sulfonamide 

3, 5, S-trimethylhydantoin 

Piperidine 

mols 

mm 

min 

min 

1 

0.3 



10 

1.1 


170 

20 

1.2 

1.3 

260 

30 


2.3 


40 

1.3 

3.0 

290 

50 


3.6 


60 


3.8 


80 

1.3 

3.8 

300 

160 


4.0 


320 


3.9 



The data obtained with N-chloro-N-methyl-p-toluenesulfonamide are suf- 
ficiently reliable and complete to calculate an approximate value for the hy- 
drolysis constant. 

Figure 2 shows that the sporicidal activity of the N-chloro-N-methyl-p- 
toluenesulfonamide molecule varies with concentration in the same manner as 
that of hsqiochlorous acid. At each concentration the molar ratio of nitrogen 
to chlorine is five to one, which has been shown to make the hydrolysis negligible. 
From the relative activities of hypochlorous acid and the chloramide molecule 
over the proper concentration range, the hydrolysis constant is calculated to be 
about 10~*. For the first chlorine of the veiy similar dichloramine-T, Soper 
found 8 X 10~^ 

AppUeation to dichloramine~T and halazone. An interesting application of 
the above results is found in the action of dichloramine-T and halazone on B. 
meliens spores as a functicm of pH. The results of such a study, carried out in 
the manner described, are' given in tabte 3. 
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TABLE 3 

Effect of pH on the sporieidal activity of dichloramine~T and haUuone 
Temp 25 C; 3 ppm avmlable chlorine 


pH 

TOCS VOS 99% SILL 

DichloramiDe>T 

Hslaaone 


fWtff 

min 

3 

87 

35 

4 

72 

33 

5 

60 

26 

6 

24 

18 

7 

16 

9 

8 

42 

43 

9 


60 


The work of Soper on the extent of hydrolysis of such compounds shows that 
as the pH is increased the hydrolysis equilibrium is displaced further to the 
r^t (since both right-hand members are acids). At the same time this shift 










ACnOK or COMPOUNDS CONTAININQ AVAILABLB CHIiOBINB 


305 


in pH increases the extent of ionization of hypochlorous acid, this increase being 
most pronounced between pH 6.5 and 8.5. The increase in killing rate, as the 
pH is increased up to 7, can be attributed to an increase in hypochlorous acid 
concentration as a result of the displacement of the hydrolysis equilibrium. 
On the other hand, as the pH is increased above 7, the most important change 
becomes the increased ionization of hypochlorous acid resulting in decreased 
bactericidal activity. 


SUMMARY 

N-chloro compounds can act on microorganisms by at least two different 
mechanisms: (1) the molecule of the chlorine compound can act directly; (2) 
hypochlorous acid formed by hydrolysis may be responsible for the result. 
The latter substance is more reactive than the intact N-chloro compound, and, 
unless conditions are such as to make its concentration negligible, it will be a 
major factor in the rate of sterilization. This is one reason why pH is such an 
important factor in the application of compounds of this t 3 Tpe. The pH of the 
solution determines the fraction of the hypochlorous acid in the un-ionized form 
to which the activity may be attributed. Since most nitrogen compounds 
which are capable of forming N-chloro derivatives are either acids or bases, the 
extent of hydrolysis will vary with pH even in that region where the hypo- 
chlorous acid remains substantially un-ionized. When the amine or amide 
nitrogen concentration becomes sufficiently great, the rate of sterilization de- 
pends on other properties of the chlorine compound. These properties appear 
to vary within wide limits among different compounds, so that in order to know 
what bactericidal activity to expect, it is necessary to know, not only the nitro- 
gen to chlorine ratio, but also the nature of the nitrogen compound. 
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A STUDY OF (TILTUIJAL METHODS FOR THE QUANTiTATH E 
DprrERMlNATJON OF JiAO'J'KRIAL POPULATIONS OF 
1 )J STI I.l . ERY MASH ES' 


J. a. (5AUKYL L. A. KlTTHCllOF, LEONARD STONE, and (' S. HOREEF 
Research De/mi liuenl, Hiram Walker and Sons, I tie , Peona 1, Illinois 

l{oc(Mvod for ])ul)li{*afi(m DtMjondx'r 20, 104] 

(pliant i1 alive cultural data on l)a(*t(Tial coni aminat ion in a dislillery are 
diffieult to obtain because ordinary methods will not distinguislj Ixdween yeast 
and ba(*teria. Direct counts are unreliable l)ecause of the large nuinl)er of 
grain ])arti(*les which are difficult to distinguish from f)acteria. This investiga- 
tion w’as begun, therefore, in order to find a reliable cultural method for counting 
))acteria in distillery mashes. 

A proi*edure wliich seemed worthy of invt'stigation was the “tube count” 
mi'thod which has been used for many yearn by tla^ Hureau of Dairy Industry 
of the rnit(Hl States I )(‘partm(‘nt of Agriculture in counting lactate-fermenting 
bact(uia in Swiss cliees(‘ Dr. \V. (\ Frazier of the l'niv(u*sity of AVisconsin 
sugg(‘st(‘d that th(‘ nadhod had ])ossibiliti(‘s in routiiK' work, and under his 
direction it was used (‘xtc'usively in r(‘search work on brick cheese ((iarey ct 
(iL, 1911 ). 


AtirrnoDs 

Of sevei'al si)ecial cultun^ media tried, the following imxlium was found to 
gi\e safisfactory results: 


Tdiiiato juiuu 4(K) ml 

Djfco y(*:ist ('xtract lU g 

(Uuco.su 10 g 

Salt solution A 5 ml 

Salt solution It a ml 

Distilk'd water tiOO ml 

Sodium hydroxidi* to pH .7.tl drO. I 

Vga.r . . 15 g 


The tomato juiia* was j)repar(xl by mixing appr()\imat(‘ly 1 g of filti'r cel 
with each 100 ml of commercially canned tomatoes and filtering through coarsi* 
paper by suction. Salt solution A contained 25 g each of mono- and dibasic 
potassium i>hosi)hate per 250 ml of di.stilled water. Salt solution B contained 
10 g of magnesium sulfate heptaloalrate, and 0.5 g each of sodium chloride, 
ferrous sulfate heptahydrate, and manganous sulfate tet ralyalrate per 250 ml 
of distilled w^ater. The medium was dispensed in approximately 10 ml amounts 

^ Presented before the 45th General Meeting of the Society of AiiKTican Bacteriologists 
in New York, May 3 5, 1044. 

^Present address: Red Star Yeast and Products (hmipany, 325 N. 27th Street, Mil- 
waukee 8, Wisconsin. 
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into 18 X 150 ml pyrex culture tubovS which were stoppered with cotton and 
autoclaved for 30 minutes at. 15 pounds. 

When plain nutrient agar plate counts were us(m1, standard t)rocedureH were 
followed (American Public Health Association, 1041). 

“Sealing” agar was prepared as a 3 per cent agar-in- water solution and ster- 
ilized by autoclaving for 30 minutes at 15 pounds. 



1 Tiuo Appsaran( 10 or lUt’TKRiAL IN Tiiio Titrio (^)irNT Miotiioi) When 

Tomato Juice Acjar and a 3 per ( knt A(;ar Seal Were Used, (“O” Refers to a 
1 :1,(HKM)00 Dilution; “7” to a 1 DOJKKMXK) Dilution.) 

Isolations were made from tlie “tube count” ])reparations by blowing the 
medium into a sterilized petri dish by means of 4-mm glass tubing whiidi had 
been sterilized by dipping in 05 per cent alcohol and burning off the alcohol. 
Isolations from (Hilonies c.ould then be made easily by use of a stiff inoculating 
needle. 

The tube' (tounts w(*re conducted by adding approfiriate dilutions of the inasli 
to tubes of melted and cooled (45 to 50 C') tomato juice agar, mixing, and allow- 
ing the agar to solidify. Approximately 5 ml of “sealing” agar were added to 
inhibit growth of yeasts and prevent “blowing” when gas-forming bacteria were 
present. Incubation was at 37 (' for 24 to 48 hours. 
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HESTJLm 

Figure 1 shows the appearance of bacterial colonies in tubes of tomato juice 
agar after 48 hours of incubation at 37 C. Up to 100 colonies per tube can be 
counted with a reproducibility of 5 per cent. When counting the colonies, it 

TABLE 1 

CotnparUon af bacterial counts obtained on a fermenting grain mash by the tube count method 
with those found by the petri plate procedure 


TllOC or 8A1CP1.XHO FEBIIENTEB ATTEB 
“SET" 

mncBEB or bactebia per ml* 

Tube count 

Plate count 

hours 



0 



24 



48 



72 


1,100 


* It is of course recognized that the higher counts obtained with the tube count method 
may be due quite as much to the superior medium employed (as opposed to the nutrient 
agar used in the plate counts) as to the method itself. Experience has shown, however, 
that higher counts are frequently obtained with the tube technique when the same medium 
is used with the two methods. 


TABLE 2 

Bacterial counts obtained by the tube count method on samples collected after malting, after 
cooling, and during fermentation of a grain mash 


NUICBBB OF BACTEUA FEB UL 



Before f:leaning coolers 

After cleaninx coolers 


400 

200 

First coolod **cook** Rt fermenter 

140,000 

300 

200 


100 


14,000 

<100 

<100* 

Third converted **cook** Rt cooker 

<100 

Third cooled **cook** fit fermenter 

<100 

<100 

Fourth converted **cook** Rt cooker 

100 

100 

Fourth cooled ^*cook.** fit fermenter 

4,000 

40,000 

400,000,000 ] 

200 

**8et** fermenter 

3,000 

“Dropped** fermenter 

180,000,000 


•All notations “less than 100” signify no colonies in tube of 1:100 dilution. 


is desirable to use good illumination such as a reading lamp or a plate counter 
equipped tvith electric bulbs. 

Table 1 demonstrates that the apparent bacterial content of distillery mashes 
decreased in number during the fermentation whai nutrient agar plate counts 
were used. When the same material was examined by the tube count method 
titling fafmntn juice agST, it is Seen tiiat the numbers of bacteria increased steadily 
during the fermentation. 

Table 2 shows one application of the tube count method to a plant contamina- 
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tion problem. Data (m a ‘'set” fermenter indicated that bacterial contamina- 
tion was coming from the mash coolers. After a thorough cleaning of the coders, 
the numbers of bacteria in the cooled mash decreased, and the “set” count 
was rdatively low. 


DISCUSSION 

The tube count method failed to distinguish betwe^ yeast and bacteria 
unless the three per cent agar seal was used. The seal apparently prevents the 
diffusion of oxygen into the tomato juice agar and the yeasts will not develop 
into visible colonies under anaerobic conditions. When tube counts were made 
on yeast mash, the 1 : 100 and 1 : 1,000 diluticms would frequently show a haziness 
as a result of yeast growth, but no visible colonies developed unless bacterial 
ocmtarainants were present; in higher dilutions the cloudiness due to yeast growth 
was never apparent. In “set” fermenters, colonies of yeast did not develop 
when the agar seal was used, even in a 1 : 100 dilution. 

When extrrane attention was paid to all details of technique, the results with 
the tube counts showed good corrdlation between dilutions. That is, when 
1:1,000,000 tubes showed 100 colonies, 1:10,000,000 tubes would have 9 to 11 
C(donies. Plate counts never showed such good agreement. 

SUMMARY 

A cultural method for determining the bacterial content of distillery mashes 
is described. The method is easier to run than the plate count method, and 
the data are more rdiable. The method can be used successfully for cultural 
counts of grains and water. 
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NOTES 

A MICROCOCCUS PRODUCING A MULBERRY-COLORED 

PIGMENT* 

LIDA F. HOmES and MAEY E. WILSON 
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In the course of a study of contaminated wounds a pigment-forming micro- 
coccus was isolated which differs from any adequately described in the literature. 
The known varieties of micrococci which form pigment produce a yellow, orange, 
or red color. The species which we isolated produced under certain conditions 
a mulberry-colored growth. 

The characteristics of this organism are: 

Morphology — Spheres, 0.9 micron in diameter, occurring in clusters; gram 
positive; nonmotile. 

Aerobe — Facultative anaerobe. 

Optimum temperature — ^37 C. 

Growth in broth — Turbid with a white ring and sediment. 

Agar slant — Moderate growth, white, glistening. 

Agar colonies — ^White, opaque. 

Gelatin — ^No liquefaction. 

Potato slant — Mulberry-colored growth. Pigment noticeable at twenty-four 
hours but increased at forty-eight hours. The color does not diffuse into 
the potato. 

Human blood agar — ^Hemolysis. 

Litmus milk — ^Acid and coagulation. 

Hydrogen sulfide — ^Negative. 

Nitrate reduction — ^Variable. 

Indole — ^Negative. 

Carbohydrate fermentations — Acid, no gas in glucose, lactose, or sucrose. 
No acid or gas in mannitol, salicin, raffinose, maltose, or glycerol. 

Nonpipnented variants were frequently produced foUowing icebox storage. 

Coagulase tests on the three strains which we isolated were negative. Two 
of the stnuns reduced nitrate, one did not. 

Two organisms described by Schroeter in 1872 and named in an article by 
Cohn may have been similar to the coccus we have isolated (Beitr. Biol. Pflanz., 
2, 127; 190). Schroeter exposed slices of cooked potato to the air, and among 
the cocci which he isolated by this method was one. Micrococcus cymeus, which 
produced a blue pigment and another, Micrococcus violaceus, which produced 

* The work described in this report was done under a contract, recommended by the 
Gonunittee on Medical Research, between the Office of Scientific Research and Devel- 
ment and the University of Pennsylvania. 
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a lavender growth. Agar had not yet been incorporated into culture media, 
and Schroeter could only describe the growth of these micrococci on potato. 
We are indebted to Eleanore H. Clise for her review of the literature covering 
the genus Microaxxm. 

Among the micrococci this organism is unusurf in forming pigment on potato, 
but none on agar medium. A marked difference in pigment production on 
potato compared to agar is well established for members of other genera, includ- 
ing Pseudomonas, Erwinia, SerraMa, CeUumonas, Bacillus, and Clostridium. 

In case this organism should prove to be a species not heretofore described, 
we suggest the name Micrococcus moricohr from the Latin, “color of mulberry.” 

The organism described in this paper was isolated three times in a series of 
140 micrococci and staphylococci. The coccus was recovered from the open 
wounds of three different patients, where it apparently occurred as a contam- 
inant. 


EFFECT OF INTRACRANIAL PENICILLIN THERAPY ON BRAIN 
INVOLVEMENT IN EXPERIMENTAL RELAPSING FEVER 

V. T. SCHUHARDT and BILLIE E. O’BRYAN 
Department of Bacteriology, The Univerisity of Texas, Austin, Texas 

Received for publication February 3, 1945 

In a previous paper (Science, 100, 550) we reported failure to cure brain in- 
volvement in white rats infected with relapsing fever spirochetes (strain trans- 
mitted by Omithodoros turicata) with intraperitoneal injections of penicillin 
adequate to prevent brain involvement and to cure blood stream involvement. 
We now have resorted to combined intracranial and intraperitoneal injections 
of the penicillin. 

Seventeen rats which had been infected 12 to 40 days previously were divided 
into 6 groups. Groups I, II, and III were test groups of 3 rats each which re- 
ceived 1,000 units of penicillin intracranially, in addition to intraperitoneal 
injections of 400 units every 3 hours for 48 hours. Group I rats received 1,000 
units of penicillin in a single intracrcmial injection. Group II rats received 
2 intracranial injections of 500 units each, and group III rats received 3 intra- 
cranial injections of 333 units each at intervals of 3 hours. Group IV corrsisted 
of 3 control rats which received intracranial injections of buffer solution (peni- 
cillin diluent) comparable in amounts to the penicillin received by the test rats 
in groups I, II, and III. Group IV rats were anaesthetized with the same dose 
of phenobarbital used on the test rats, and received the same total dose of peni- 
cillin (7,800 units) as the test animals in 17 intraperitoneal injections. Group V 
consisted of 2 control rats which received no phenobarbital and no intracranial 
injections, but recdved the same total amount of penicillin (7,800 units) as the 
test animals in 17 intraperitoneal injections. Group VI consisted of 3 control 
rats which were untreated. 
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One rat in group I, one in group III, and two in group IV died within a few 
hours after the first intracranial injection and were discarded. One additional 
rat in each of tiie test groups I, II, and III died during the course of intrapexi- 
toneal injections after recdving 1,600, 2,000, and 5,200 units of penicillin, reeqpec- 
tively, in addition to 1,000 units intracranially. These rats were placed in the 
icebox and were used in the brain passage phase of the experiment. The death 
of these animals was attributed to barbiturate poisoning, although brain injury 
may have been involved, especially in the early deaths. 

Two days after termination of the penicillin treatment, the brains of the 4 
surviving, the 3 icebox-preserved test rats, and the 6 surviving control rats 
were removed, emulsified, and passed to fresh rats. Uniform (0.01 ml of 1:20 
dil.) dark-field preparations of the tail blood of each of these passage rats were 
examined daily for 10 days. All 6 of the control passage animals became positive 
within 3 to 6 days, whereas the 7 test passage animals remained negative through- 
out the ten-day examination period. 

Thus it would appear that penicillin injected intracranially is capable of curing 
the brain involvement in experimental relapsing fever of the white rat. Mini- 
mum curative doses for both brain and blood stream involvement remain to be 
determined. 


INCREASING PENICILLIN YIELDS WITH CORN OIL 
D. FRANK HOLTMAN 

Department of Bacteriology, University of Tennessee, Knoxville 
Received for publication February 9, 1946 

Investigative work on antibiotic agents is proceeding so rapidly the lone 
investigator often finds that what he considers a fundamental discovery is a 
recognized fact among research groups engaged in these studies. However, 
the writer has made an observation while studying the growth habits and nutri- 
tive requirements of PenidUium notatum that apparently has not been recorded 
in the literature. 

In an effort to find an agent that would readily float the mold spores on the 
surface of a fluid medium, com oil was added in 2 per cent concentration to 
Czapek-Dox medium modified by the substitution of brown sugar for glucose. 
In due time it became evident that the com oil served as more than a mechanism 
for floating the spores and permitting the ready development of an abundant 
and unifOTmly distributed mold growth. After an initial drop in acidity, the 
pH of the broth returned to 6.9, where it remained relatively constant for the 
duration of the experiment. The penicillin content of the medium gradually 
increased and on the twenty-second day after seeding was sufficiently concen- 
trated to permit a 1:320 dilution of the broth to induce inhibitory zones with 
diameters of 22 to 25 mm oi agar plates inoculated with the “H” strain of 
Staphylococcus aureus. Eimer and Amend "penicylinders” were used as test 
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cups. Aftor the twenty-secoDd day, the penidllm content of the com oil medium 
began to decrease and had disappeared by the thirtieth day. 

The addition of lactose to the brown sugar com oil medium did not increase 
penicillin formation by the mold, but its presence gave evidence of exerting a 
presawative or stabilizing effect on the antibiotic. Penicylinders filled with 
1:320 dilutions of this medium were surrounded by inhibitory zones measuring 
20 to 26 mm in diameter on plate cultures of Staphyhcoccm aureus after 30 days 
of incubation. Lower dilutions, for example the 1 : 10, produced zones of inhibi- 
ticm measuring as much as 40 mm in diameter. 

Two other media were employed with the com oil preparations. One con- 
sisted of the Czapek-Dox brown sugar modification alone, and the second incor- 
porated lactose without com oil. The penicillin concentration of the brown 
sugar medium was ineffective beyond a 1:5 dilution, and exerted its antibiotic 
effect only between the seventh and ninth day of incubation, after which the 
broth shifted rapidly to an alkaline state. The brown sugar medium incor- 
porating lactose without com oil produced inhibitory zones 22 to 26 mm in 
diameter on Staphylococcus plate cultures in dilutions of as much as 1:20 from 
the ninth to the eighteenth day of incubation. The inhibitory effect disappeared 
after the twentieth day. 

All media were employed simultaneously, in like amounts and in containers 
providing equal surface areas. Each broth was seeded with 1 ml of spore sus- 
pension and incubation was conducted at 22 C. 

Whether the com oil tends to adsorb the penicillin as formed and prevent 
its rapid disintegration and loss from the medium, whether it tends merely to 
stabilize the pH, whether it provides an ideal carbon source enhancing penicillin 
production by the mold, or contributes to a combination of these factors, are 
subjects for further investigation. 



PROCEEDINGS OF LOCAL BRANCHES OF THE SOCIETY 
OF AMERICAN BACTERIOLOGISTS 

NORTHERN CALIFORNIA-HAWAIIAN BRANCH 
Stanitobd Univibbsitt, California, July 29, 1944 


Ybast Production. E, C. Smdek^ Con- 

Burner’s Yeast Company, San Francisco. 

Yeast production and its problems involve 
many phenomena. Particular considera- 
tion is given to raw materials, process, 
product, and research. The adoption of 
molasses as a raw material and the process 
that accompanies its use are the greatest 
factors leading to the production of the 
modem uniform yeast. The old method of 
using grain introduced vanables, many of 
which could not be controlled or compen- 
sated. 

Careful and rigid application of bacteri- 
ology, biochemistry, and engineering have 
led to many improvements in sanitation, 
yeast culturing, yeast nutrition, and proc- 
ess control. 

The results of research, including the 
necessary yeast growth factors, yeast breed- 
ing, and dry viable yeast, will soon create 
new revolutionary advances in yeast pro- 
duction and marketing. 

Aboininb Metabolism in Nburospora. 

A. M, Srbf Stanford University, 

Studies with Neurotpora confirm the or- 
nithine cycle: 

ornithine ► citrulline ► arginine 

T I . 

' arginase 

urea 

In irradiated Neuro$pora mutations have 
occurred to give rise to fifteen **arginine- 
less*' strains; in each of seven the mutant 
character is due to the effect of a different 
single gene. The strains fall into three 
groups. In group I (four mutants) , growth 
takes place if either ornithine, citrulline, or 
arginine is supplied in addition to the 
minimal medium of wild type. In group II 
(two mutants), growth occurs if citrulline 
or arginine is provided. The one strain 
in group III has a specific requirement for 
arginine. This means that ornithine and 
citrulline represent different stages in the 
synthesis of arginine in Nettro$pora, and 


occur in the order postulated in the Krebs- 
Henseleit cycle above. 

The sequence of reactions is confirmed 
by the behavior of double mutant strains 
which were obtained by crossing different 
single mutants. In addition, both arginase 
and urease have been demonstrated in 
Neuroapora. 

If an arginineless strain of group I is 
grown on ornithine, and an autolysate of 
the resultant mycelium is prepared, the 
mutant with a specific requirement for 
arginine can grow on minimal medium plus 
the autolysate. This proves that arginine 
is actually produced in the strains grown 
upon ornithine. 

A Lysine-requiring Mutant Strain of 
Neurospora. a. H. Docrmann, Stanford 
University. 

Bioassay 8 of lysine by means of * ’lysine- 
less” mutant strains of Neuroapora check 
closely with chemical assays. The objec- 
tion to chemical assay methods is that all 
depend first on original isolation of protein 
and are very laborious. 

Difficulties with the bioassay of lysine by 
means of Neuroapora are, first, that arginine 
inhibits all lysineless mutants, and, second, 
that other amino acids variably stimulate 
these strains. The first problem has been 
solved by silver precipitation of the argi- 
nine. The variable stimulation has been 
answered by adding asparagine and glu- 
tamic acid to the media, for they achieve 
maximal stimulation and variability of 
other amino acids can have no effect. 

After suitable acid hydrolysis and silver 
precipitation the material to be tested is 
added to basal media containing asparagine 
and glutamic acid. The lysineless strain of 
Neuroapora is grown until the lysine is 
completely exhausted. The mycelium is 
then weighed. 

The 168 hours necessary for this method 
of bioassay of lysine makes it cumbersome, 
but another approach is now being worked 
out which promises to be much more rapid. 

Food Preservation, E, Af. Mrak, Uni- 
versity of California, 




THE SO-CALLED GENUS CANDIDA BERKHOUT, 1923 

JUAN E. MACKINNON and RICARDO C. ARTAGAVEYTIA-ALLENDE 
Inatitulo de Higiene Experimental, Montevideo, Uruguay 

Received for publication October 25, 1944 
I. INTRODUCTION 

The well-known researches of Robin (1853), Quinquaud (1868), Hansen 
(1888), Vuillemin (1911), Castellani (1911, 1913, 1914, 1937), Berkhout (1923), 
Ciferri and Eedaelli (1929), Stovall and Bulbolz (1932a, 1932b), Benham (1931), 
and Langeron and Talice (1932) mark the principal stages in the development of 
knowledge regarding the nonascosporogenous and filamentous yeasts called 
“monilias.” 

During the past years several new papers have been published. They may 
be classified in two groups in accordance with the procedures used for the identi- 
fication of the species within the genus Candida. Martin et al. (1937) and Mar- 
tin and Jones (1940) adopted the method summarized by Conant (1940), whose 
procedures are as follows: (a) appearance of the growth in Sabouraud’s glucose 
broth, on Sabouraud’s glucose agar, and on beef-extract blood agar plates at 
pH 7.4 is studied; (b) the microscopical details are studied on com meal agar 
slide cultures; (c) the fermentation reactions are tested in beef extract broth with 
glucose, maltose, sucrose, and lactose, in tubes sealed Avith sterile vaseline, and 
incubated at 37 C for 10 days. Conant recognized 7 species, Monilia albicans, 
M. paraknisei, M. krusei, M. tropicaiis, M. pseudotropicalis, M. stellaUndea, and 
M. guiUiermondi. On the other hand, Langeron and Guerra (1938) adopted 
more complex methods in accordance with the procedures that Stelling-Dekker 
(1931) and Lodder (1934) used for the study of the ascosporogenous and non- 
ascosporogenous yeasts. They studied the appearance of the growth on Sabour- 
aud’s agar, in 2 per cent glucose, 1 per cent peptone broth, and in Raulin’s 
medium; the morphology was studied on slide cultures. The study of the bio- 
logical characteristics included: (a) fermentation reactions with glucose, sucrose, 
lactose, maltose, fructose, galactose, and raffinose in tubes sealed with paraffin; 
(b) the study of the assimilation of these carbohydrates and of nitrogen (pep- 
tone, ammonium sulphate, asparagine, urea, histidine, glycocoll, potassium 
nitrate, and sometimes tiyptopWe); (c) utilization of ethyl alcohol; (d) growth 
in milk; (e) liquefaction of gelatin. Langeron and Guerra accepted 16 species 
which include those accepted by the American authors except Monilia stelh- 
ioidea, which they did not study. 

Conant does not admit as valid some species admitted by Langeron and 
Guerra: Candida triadis and C. aldoi of the classification of Langeron and 
Guerra are considered by Conant as synonyms of Candida {Monilia) albicans; 
Candida intermedia as identical with Candida tropiccdis; Candida brumpti, 
Candida chalmersi, mdCandida flareri as synonyms of Candida parakrusei. 

Diddens and Lodder (1939a) recognized the genera Candida Berkhout and 
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Trichosporon Behrend in the subfamily Mycqtondoidea^ and, in a very short 
paper (1940), they announced that they admitlSed 23 species in the genus Can- 

TABLE 1 


Differential biological properties for the species of the genus Candida Berkhout 
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• The auxanogram with sugars was studied iu Laurent’s liquid medium, 
t The auxanogram with the urea is positive or negative depending upon whettjler or not 
yeast or yeast extract is added to the medium. 

t These strains were not personally studied and the data recorded are taken from Lan* 
geron and Guerra. 

dida. We cannot offer an opinion about Diddens and Lodder's species until 
their descriptions are publish^ in detail. 

We studied 14 of the 16 species of Langeron and Gu^ra and also several 
stramsMof Candida steUatoidea^ using the methods of thoi^ authois. However, 
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the assimilation of nitrogen wJiSfetudied only with peptone, asparagine, urea, 
ammonium sulphate, and pol^^wilim nitrate, which we consider sufficient for 
the identification of the ^^monilias.’* The auxanographic procedure of Bei- 
jerinck was found efficient for the study of the assimilation of nitrogen and 
carbohydrates by almost all the species, but sometimes it failed to show clear 
results; in these cases we used the accessory procedures detailed in the following 
section. We also studied the dissociation (variation) and the experimental 
virulence of each species. 

There exist several differences between our results and those of Longeron 
and Guerra, even when the same strains were studied and the same procedures 
used; we shall endeavor to explain the causes of these differences, Neverthe- 


'1^ TABLE 2 


lAHGElON AND CUIBIA'S 
CLASSmCATXON 

CONANT AND DUKE UNIVEtSlTV’S 
CLASSinCATION 

ACTVAJ. CLASSIFICATION 

Candida albicans 

Monilia albicans 

Candida albicans 

Candida triadis 

Monilia flbicans 

Candida albicans 


Mopilia s^llatoidea 

Candida stellatoidea 

Candida iropicalis 

Monilia iropicalis 

Candida iropicalis 

Candida intermedia 

MonUi^ iropicalis 

Candida intermedia 

Candida pelliculosa 

Candida pelliculosa 

Candida pseudotropicalis 

Monilia pseudotropicalis 

C. pseudotropicalis 

Candida guilliermondi 

Monilia guilliermondi 

C. guilliermondi 

Candida chalmersi 

Monilia parakrusei 

Candida chalmersi 

C. macedoniensis 

Candida krmei 

Monilia krusei 

C. krusei y My coderma cerevi- 
siaCf and Pichia krusei 

Candida parakrusei 

Monilia parakrusei 

Candida parakrusei 

Candida aldoi 

Monilia albicans 

Candida albicans 

Candida brumpti 

Monilia parakrusei 

Candida brumpti 

Candida flareri 

Monilia parakrusei 

Candida flareri 

Candida zeylanoides 


Not studied 

Candida deformans 


Not studied 

Candida svaveolens 


Candida suaveolens 


less, our conclusions are not unlike those of the French authors; we admit all 
their species except Candida triadis and C. <ddoi, which are synonyms of C. 
albicans as stated by Conant, and we add to their list Candida stellatoidea and 
C, macedonimm. Other species do^ot merit inclusion in the genus. 

In table 1 we summarize the bi(;^hemical characteristics of the species ad- 
mitted by us in accordance with our own experience. In table 2 we compare 
our conclusions with those of Langeron and Guerra, and those of Martin and 
Jones. 


n. METHODS 

Isolation and purification of cultures. The cultures were purified by streaking 
on Sabouraud’s agar plates. 
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Optimal temperature. This was determined by placing the cultures at tihree 
temperatures: 20 to 25 C, 25 to 30 C, and 37 C. This is a very important st^ 
in the study of a strain because the biological characteristics must be studied at 
tile optimal temperature. Candida brumpti does not grow at 37 C, and other 
species grow badly. 

Appearance qf growth. It was studied in 2 per cent glucose, 1 per cent peptone 
broth and on Sabouraud’s agar; sometimes also in beer wort and on beer wort 
agar. 

Morphology. Slide cultures gave us, in general, good results. Two media 
were used: 2 per cent glucose, 1 per cent peptone soft (0.6%) agar and potato soft 
(0.6%) agar. The slides were inoculated and placed during 6 days in the incu- 
bator at 25 to 30 C in petri dislies, dried, then covered with a thin collodion film 
and afterwards colored with aqueous 0.2 per c«it erythrosine, 1 per cent orange 
G, or with a 1 per cent cotton blue (CBBBB Poirrier) solution in Amman’s 
lactophenol. 

Production of ascospores. This was investigated on Gorodkowa’s agar, on 
potato and carrot slices, and on sterile blocks of plaster of Paris moistened with 
sterile saline. These cultures were placed at 15 to 20 C and were examined 
during two months in films dried in the air, then passed through a flame 3 or 4 
times, and stained with carbol fuchsin at 100 C for five minutes, washed with 
water, destained with 2 per cent lactic acid alcohol for a few seconds, counter- 
stained with Nile blue and afterwards with India ink {vide Langeron and Guerra’s 
paper). 

Growth in ethyl alcohol. The medium recommended by Lodder was used 
(magnesium sulphate 0.05 g, potassium dihydrogen phosphate 0.1 g, ammonium 
sulphate 0.1 g, and distilled water 100 ml). Three per cent alcohol was added 
to one tube just before use, and nothing to the other, and the resultant growths 
were compared. 

Fermentation tests. These were performed in 1 per cent peptone with 4 per 
cent of sugar, in tubes sealed with paraffin, at 25 to 30 C. The tubes were ob- 
served during 20 days. 

Assimilation of nitrogen. The auxanographic procedure was used with the 
medium recommended by Lodder (glucose, 2 g; potassium dihydrogen phos- 
phate, 0.1 g; magnesium sulphate, 0.05 g; agar, 2 g; distilled water, 100 ml). 
When the auxanographic method did not give clear results, we used Lodder’s 
medimn with 1 per cent of the nitrogen compound in tubes, and the growth on 
the surface was compared with that of a culture on Lodder’s medium without 
any nitrogen compound. 

Assimilation of sugars. Hie same auxano^phic procedure was used almost 
always, but sometimes it failed to give good results. ' We then employed 
Laurent’s liquid medium with 2 per cent of the sugar to be tested (ammonium sul- 
phate, 4.71 g; potassium dihydrogen phosphate, 0.75 g; magnesium sulphate, 
0.1 g; and distilled water, 1 L). The comparison of growths in this medium 
tested with and without the sugar indicates the capacity of a species to utilize 
the sugar. 
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Experimental vindmce. We inoculated rabbits intravenously with 500 to 
1,000 millions of blastc^pores of a culture on Sabouraud’s glucose agar. A 
fresh culture of 24 to 48 hours must be used. If the rabbits died within 2 to 
5 days after inoculation, with small and numerous abscesses of the kidneys 
(“systemic” or “disseminated lesions”), we said that the strain had a “first 
degree,” or high, virulence (Mackinnon and Rodriguez-Garcia, 1935). If the 
rabbits did not die, we killed them on the tenth day after inoculation, and if they 
showed lesions of the tubes of the kidneys (“elimination lesions”), we said that 
the strain had a “second degree,” or low virulence. If the rabbits sacrificed on 
the tenth day after inoculation did not show any lesion, and the cultures from 
the kidneys failed to show any growth, we said that the strain examined was not 
virulent. 

Action upon gelatin. It W'as observed during two months. 

III. CHARACTERISTICS AND IDENTIFICATION OF THE SPECIES 

1 . Candida albicans (Robin) Berkhout, 1923 

Cultures studied. Mycotonda albicans, Langeron’s strain 104. Mycotor' 
ulm'des triadis, Langeron’s strain 587. Monilia oMoi, Pereira’s strain received 
from Langeron. Monilia albicans, phase “S,” Negroni’s strain. lilastodcn- 
drion erectum, Langeron’s strain 417. Monilia pinoyi, Castellani’s strain. 
Monilia psihsis, Ashford’s strain. Candida albicans, strain 582, Mackinnon. 
Also, 50 strains isolated in Montevideo from diverse origins. 

ITie microscopic appearance of this species w'as thoroughly studied by Ben- 
ham (1931), Langeron and Guerra (1938), Wickerham and Rettger (1939), 
Studt (1941), and others. A true mycelium and a pseudomyceliura were ob- 
served as well as chlamydospores. The pseudomycelium showed amounts of 
blastospores at the distal end of each segment, resembling the mycotorula and 
mycotoruloides types of Langeron and Talice. 

In table 1 we may obsen^c that the auxanogram is negative with urea, w'hich 
does not agree with Langeron and Guerra’s results. Among the strains which 
we examined there w'ere also several examined by Langeron and Guerra. We 
alw'ays used Merck’s “extra pure” crystallized urea and new bacto agar. We 
have always obtained negative auxanograms with urea even after 12 days in 
the incubator. Nevertheless, when we prepared the medium with agar, re- 
claimed by the method of Thaller (1942), Candida albicans utilized the urea, 
producing clear positive auxanograms. The same phenomenon was observed 
with Candida iropmMs and Candida parapsilosis. These results seem to 
prove that some impurities of the urea or the agar, perhaps growth factors, are 
the cause of the differences between our results and those of Langeron and 
Guerra, and that very pure products must be used when the auxanogram tests 
are performed. 

Candida albicans is a protean species, and through dissociation we have ob- 
tained two types of variants (Mackinnon, 1936, 1940a, 1940b): the “lethal 
variant” described by Negroni (1935) as an “R” form, and the “membranous 
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variant” described by us. Mackinnon (1936) stated from the very beguming of 
his experiments that his “membranous variant” was quite different from 
Negroni’s variant; the “membranous variant” is homologous to the “R” form of 
bacteria and may be considered as a real “R” form. On the other hand, 
Negroni’s variant cannot be considered as a true “R” form and may be related 
to the “lethal races’’ produced by Krassilnikov (1934) and Nadson (1937) from 
Saccharomyces ceremsiae. 

The “lethal variant” is characterized by a slow rate of growth, by a great 
diminution or even a total loss of the experimental virulence, and by difficulty 
in production of mycelial growth. The cultures must be transferred every 
month, otherwise they die. 

The “membranous variant” is characterized by the elongation of the blasto- 
spores into filaments (pseudofilaments), by the spiky and hard appearance of 
the cultures, by the production of a veil in liquid media, and by a diminution 
of the experimental virulence (2d degree). 

Since between the normal form and the more accentuated Oethal and mem- 
branous) variants there exist intermediate variants, Mackinnon preferred to 
describe “directions of variation” rather than singular variations. Mackinnon 
also demonstrated that the membranous and the lethal variations may be pro- 
duced in the same strain, which gives rise to variants which combine lethal 
and membranous characteristics (“lethal-membranous” or “lethal-R” variants). 

We have not observed total or partial reversions from the lethal to the normal 
form although our observations have been extended over a period of 5 years. 
Partial reversions from the “R” to the normal or “S” form have been observed. 
The reverted forms, however, were unstable and tended to turn back again to 
the “R” form. Only once did we obtain a fixed “S”-like reversion, but the ex- 
perimental virulence remained at a low degree (2d degree). Consequently, we 
have never observed a total reversion of the variants of Candida albicans after 
5 to 7 years of observation, and both the “R” and the “lethal” variants are 
sufficiently stable to be considered true variants or mutants. 

Langeron and Guerra (1939b) denied the real existence of dissociation. We 
think that the French authors have confused true dissociation or variation with 
nonhereditary changes of the appearance of the cultures on different media or 
on media the pH of which becomes alkaline. Langeron and Guerra cited the 
experiments performed by Teissier (1897), who obtained smooth growths on 
acid media, and membranous, rough cultures on alkaline media; we agree that 
this phenomenon cannot be considered as a dissociative variation or as a muta- 
tion because these smooth and rough appearances are not fixed and persist only 
as long as the media arc acid or alkaline. 

We have also observed that the capacity of Candida cdbicam to ferment maltose 
may be periodically lost. Tliis phenomenon has been observed in three strains, 
including strain 606 named Candida aldoi. Martin and Jones (1940) observed 
irregularities in the ability of C. aldoi to fennent maltose, and Conant daimed 
tihat C. aldoi gave C. albicans fermentations after smooth colonies were isolated. 
Iiangeron and Guerra have written that C. cddoi is different from C, albimns 
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l)oc:nis(' it (loos not assiinihitc* luvii, hut we have found that (\ alhicauH also 
(lof's not assimilate* urea. i\ aldoi i)rodii(*(‘s ehlainydospores. (^onsf^.qucntly, 
in a)!;reein('nt with Conant we think that (\ atiloi must 1)0 (*onsid(a‘ed as a syn- 
onym of (\ albicans. Tin* eultun* wliieh \\v liave studied was in tin* “J?” form 
and liad a s(*cond d(‘^r(*e experinuadal viruhaice. 

('atiflida /nadis (hanji:(*ron and d'aliee*) i.s admitt(*d as a ^(hhI speei(*vs by Lan- 
^(‘ron and (Juerra, who, never! hel(*ss, say tliat it is v(‘ry similar to (\ albicans. 
Tlie Kr(*n(*li authors stat('d that (\ fnadis is a ^ood sp(H*ies h(*(*ause it is more 
d(*ej)ly y(*llowish than (\ albicans and produ(‘(\s a mu(‘ous V(‘il in licpiid media, 
and ]H‘caus(* tin* blast osponvs ar(‘ (‘lonj»,at(‘d. Moivover, it produces a j)artial 
v(*il in tla* (dhyl ah'oliol m(*dium; it has a ‘-(H‘ond decree* f‘X))(*rim(*ntal virulenc’e 
and produce's ty|)ical (‘hlamydosporvs similar to those* of (\ albicans. We*, think 
that ('. Iriadis is a \ ariant of T albicans, inte'inie'diate' l)e*tw’e'e*n the* ‘‘S” and the 
“IT’ lorms. 

2. Candida stcllalaidca (Martin, Jon<*s, \’ao, and J.ee*) Lan^e'ron 

and <iue*rra, WVM) 

Ctdinns sindnd. Manilla sh llalaidca, 2 strains r(*ce*ived from X. Conant, 
and 3 Irom U. W H(*iduim, w fio r(*c(*i\e'd (h(*m from the* Duke Fiilversity School 
ol Mi'dicine*. 

'This sp(*ci('s must he admitt(*d as a ^ood one*. It is different from (\ albicans 
bc'cause* the* auxanoj!,ram is ne'gative* with suci’om*, and be*cause it is not virulemt 
at all for rabbits. 

\\ (' have* obtaine'd, throu^ih dissociation, *‘S" and “H" colonie*s, but the*y are 
not so easily differe*ntiate'd as similar variant*^ ot albicans, l)e*cause* the* “S'’ 
jorm ot r sh'llaloidca produce's tilame*nts ve'iy eaMly On Sabouraud's a^ar, the 
“S" form produce's a smoothe'r |i»rowth than the* “H" form (figure's 1 and 2). 
'riie true mycelium is rathe*!* abundant e*\e*n in the “S” form, and we* have* ob- 
se‘r\'e‘d the* production of apj)r(*ssorialike Mructure's. The* (*lilamydospore*s are 
similar to those of ( \ albicans (figure* 3). 

bange'ron and ( ui(*rra (H)39a) claime*d that they had ise>lat(*(l a .strain e}f 
r. sfcllalaidi a, the auxanogram of this strain was })ositiv(' with sucro.se*, but the 
e*\p(*rinH'ntal \ irule*nce* was not studie*d. We* think that Lange*ron and (Uierra 
ele*alt with the “H” form of (\ albicans and not with ( \ stcllalaidca. 

3. Candida tropicalis (( 'a.ste'llani) Herkhout, 1923 

Cidlaris sindud. Monilia^ iropicalis, ('astedlani’s strain, Itoss Institute. 
Candida iropicalis, Langeron's strain 255. Candida tropicalis, strain 3()0 iso- 
late*d in Monte'vieh'o frean })aronyehia. Candida iropicalis^ strains 331 and 839 
isolate'd in Moiite'vidc'o from bronchomoniliavsis. Four .strains r(‘ee*i\'e'd from 
A. K. Are'a Le'ao anel isolate'd in Brazil from bronchomoniliasis. Strain 2b7 of 
Langeron. 

This sf)e'cie's produe;es easily a true myce'lium and a pseiidomyeTlium with 
verti(*ils of new blaste)spor('S. Single blast ospe)re*s may alse) t)e seen attache^l to 
the sides of the* hyphae; theses blastospores we're i*allexl pseudoe'onidia by ban- 




Fig. ], Candida stellatoidea. “S” Fokm. Xati kad Size (XI). Coeonv on 
Sabovraud’s Ciia cose A<jah Aged 18 J>ays 
Fig. ii. (’andida STELLATOIDEA. “H”FoRM. NatI'Ral Size (X 1). ('olon\on 
Sabouraud’s (Ilic’ose .\<iAR Aged 18 Days 
Fig. 3. Candida stellatoides. Slide (’n/ri RE. Typical (Jhlamydospores ( X2(K)). 
Fig, 4. Candida tropicalis. Strain ilOO Appressoria and Filaments o.n Slide 
Cultures. IVIagmfk’ation: X275 

Fig. 5. Mycoderma cerevisiae (Candida khi kei). Treelike Structures on Slide 
Cui.tures, Strain 774 Isolated from the Indian Beer Named “Ciiicua.” 

Magnification: X195 

Fig. 6. Mycoderma cerkmsiae (Candida krusei). Strain 575 , Isolated from the 
Normal Skin. Slide (’i lture Magnific.ation: X175 
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geron and Talice; sometimes we saw short chains of a few blastospores instead of 
single blastospores. Some strains produce more hyphae than others. True 
arthrospores and even appressoria may be seen (figure 4). 

All strains showed a low experimental virulence (2d degree), and sometimes 
we had to inoculate several rabbits in order to observe various scarce and small 
lesions in the kidneys. 

The auxonogram with urea is negative w hen new^ bacto agar is used in the 
preparation of the medium, but positive results were obtained w^hen reclaimed 
agar was used. 

4. Candida pellicidosa Redaelli, 1925 

Culture studied. Redaelli *s strain received from Langeron. This species 
ferments the same sugars as C. tropicalis but the auxanogram w ith ammonium 
sulphate is negative. It is not virulent for rabbits and produces filaments with 
great difficulty. 

Langeron and Guerra statcid that the auxanogram with asparagine is negative, 
but our results were always positive. 

Diddens and Lodder (1939) believe that C. pelliculma is the imperfect stage of 
Hansenula javanica (Groenewege) or of Hansenula anomala (Hansen). These 
yeasts femieJit raffinose and assimilate nitrates, whereas C. pdliculosa fails to 
show these characteristics. 

We think that C. pdliculosa is nearer to the genus Torulopsis than to the genus 
Candida. 

5, Candida intermedia (Ciferri and Ashford) Langeron and Guerra, 1938 

Culture studied. Ashford’s Strain received from Langeron. As stated by 
Conant this species is indistinguishable from C. tropicalis in the tests used by 
Martin and Jones (1940). Nevertheless, C. intermedia is very different from 
C. tropicalis because it grows very poorly at 37 C and is not virulent for rabbits, 
and because its auxanogram w ith lactose is positive. We think that this species 
is not important from a medical standpoint. 

6. Candida krusei (Castellani) Berkhout, 1923 

Cultures studied. Mmilia inexpectata Mazza, Nifio, and Egiiez; strain re- 
ceived from Mazza. Candida krusei, Mrak’s strain 423 isolated from dates. 
Two strains isolated by Mrak from grapes (Mrak’s strains 200 and 201) and one 
from prunes (Mrak’s strain 179). One strain isolated in Montevideo from 
grapes and another from red wine. Two strains isolated in Bolivia by F. Veinte- 
millas from the Indian beer named ‘‘Chicha” (strains 772 and 774 from our 
collection). One strain isolated in Montevideo from sputum and another from 
the normal skin of a man (575). One strain isolated with C. tropicalis from a 
case of bronchomoniliasis in Montevideo. One strain received from Langeron. 

The growth on solid medium is flat, dry, or with slight brilliancy during the 
first days. In liquid media all the strains produced a characteristically smooth 
or faintly corrugated surface film which extended up the sides of the tube to a 
distance of 6 to 8 mm above the surface of the liquid. 
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True mycelium was never observed. The pseudomyeelium consisted of 
hyphal elements, usually from 5 to 50 ju long (figures 5 and 6). The distal end of 
each element produced blastospores which tended to become oval or elongated. 
If the blastospores were short, a mycotoniloides type of growth was observed, 
but if they became elongated, treelike mycelial structures were observed. We 
have never seen chlamydospores. 

The auxanographic method did not produce valuable information about the 
utilization of sugars, and we were obliged to use Laureid/s liquid medium. In 
this medium, with 2 per cent glucose, we observed the formation of a thick film; 
with maltose and galactose a thin film was observed ; and no film was produced 
with sucrose, lactose, or raffinosc. Consequently we think that C, krusei 
utilizes glucose, maltose, and galactose. 

Langeron and Guerra, on page 53 of their excellent paper, stated that a strain 
named Monilia inexpeciata produced four-spored asci. Talice and Mackinnon 
(1934) had named this strain Mycocandida inexpectata (Mazza, Nifio, and Egiiez). 
On page 483 Langeron and Guerra declared that they had studied a new strain 
of Mycocandida inexpectata, received from Talice and Mackinnon, which did 
not produce asci; this strain was considered identical with (\ krusei. It is 
quite evident that Langeron and Guerra believed that they had worked with 
two different strains, but we have had in our laboratory only omj culture of 
Monilia inexpectata, which we later named Mycocandida inexpectata. Conse- 
quently, Langeron and Guerra observed asci once and did not ol:>8erve asci 
any other time in the same strain, which they considered as C. krusei. We have 
carefully investigated the production of asci in the strain named M. inexpectata 
and we have never found them, but we found asci in another strain which we 
have identified as C. krusei and which was isolated by us from nonnal skin. The 
asci were extremely scarce and showed four round spores. We think that C. 
krusei is able to produce ascospores only under rare conditions. 

Some of our strains were isolated from wine and fermented liquids. Had we 
not had a medical mycological training we should have recorded these strains 
as Mycoderma cerevisiae Desmaziferes. In the genus Mycoderma sensu Leberle. 
we believe that Lodder includes species whose microscopic appearances are very 
similar to those of C. krusei. Nevertheless, these species would fail to ferment 
sugars; on the other hand, Guilliermond (1920) stated that some strains of M. 
cerevisiae produce small amounts of alcohol. Our strains named C. krusei 
fermented glucose very slowdy, sometimes only after 10 days, and they always 
produced small amounts of gas, only one or two ml. In 1 per cent glucose 
medium w^e very often could not observe the production of gas. We believe it is 
not possible to distinguish C. krusei from Mycoderma cerevisiae. Stovall and 
Bulbolz (1932) also stated that Monilia krusei w’^as a Mycoderma. 

The finding of asci by Langeron and Guerra and by us in two strains is very 
important. These two strains could be placed in the genus Pichia Hansen, and 
very close to the species Pichia alcoholophila Kloecker. Stelling-Dekker (1931) 
said that P. alcoholophila does not ferment glucose, whereas Kloecker stated 
that it has a low power of fermentation of glucose; yet both Stelling-Dekker and 
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Kloecker dealt with the same strain. Stelling-Dekker did not find asci, but 
Kloecker described asci. This discordance may be explained by the loss of a 
characteristic or by the fact that the asci are produced only under very excep- 
tional conditions. 

Consequently, we consider that the imperfect stage of Candida krusei may be 
identified with a Mycoderma and that the perfect stage belongs to the genus 
Pichia. 


7. Candida parakruaei (Castellani) Langcron and Guerra, 1938 

Cultures studied. Monilia parapsilosis, Ashford’s strain. Mycocandida 
parakruseiy strain received from Langeron. Monilia onycophila, Pollacci and 
Nannizzi’s strain received through Langeron. One strain received from P. 
Negroni (Argentina). One strain received from G. B. Schouten (Paraguay) 
and isolated from the vagina of a woman. One strain isolated from the normal 
skin and another from a case of onychia in Montevideo. 

This is a well-known species. It does not produce true mycelium and chlamy- 
dospores and is not \’irulent for rabbits. We did not observe dissociation or 
spontaneous hereditary changes. The auxanogram with urea is negative when 
the medium is prepared with new bacto agar and positive when reclaimed agar is 
used. 


8. Candida guilliermondi (Castellani) Langeron and Guerra, 1938 

Cultures simhed. Monilia guilliermondi y Castellani’s strain. One strain 
received from Negroni with the name Candida chalmersiy and one strain isolated 
from sputum in Montevideo, 

On solid medium the colonies are smooth and lustrous, but sometimes a few 
radial furrows may be seen. Langeron and Guerra described a veil in liquid 
medium ; we observed neither veil nor ring. They also stated that C. guillier- 
mondi does not utilize maltose; we obtained positive results. It is rather diffi- 
cult to obtain formation of filaments on slide cultures. One strain produced 
good filaments with verticils of small blastospores about 1.5 to 2.5 m in diameter, 
but Ave also observed larger blastospores. 

9- Candida ckaimersi. (Castellani) Basgal, 1931 

Cultures studied, Candida chalmersiy Mrak’s strain 124 isolated from Kadota 
figs. Candida chalmersi, Mrak’s strain 210 isolated from dates. 

The cultures on solid medium are creamy white and become darker with 
age; they are soft, smooth, and lustrous, but after 2 to 4 weeks thin and irregular 
furrows may appear. In liquid media a smooth and dry veil is formed. 

It is difficult to obtain filaments on slide cultures, but in the depth of the solid 
medium we could study treelike structures. Some strains produce abundant 
pseudoconidia which may form a sheath around the filaments. We also found 
several round and thick-w^alled cells about 6 to 7 /u in diameter. We believe 
these cells to be chlamydospores. 

We were able to dissociate one strain (culture 813) into two variants. One 
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variant differs from the other in that it produces more filaments and the cultures 
on solid medium are rougher; we believe that this variant may be related to an 
“R” form. 

Some authors think that C. chalmersi is a synonym of C. parakrusei, but 
C. parakrusei does not ferment sucrose nor produce a film on the surface of 
liquid media. Mrak, Phaff, and Vaughn (1942) stated that their strains utilized 
urea and fermented ralfinose; a strain obtained from Langeron also utilized urea, 
although Langeron and Guerra stated that urea was not utilized. The strains 
which we have studied were received from Mrak and utilized neither urea nor 
raifinose. The differences between our results and those of Mrak, Phaff, 
and Vaughn may be due to the different quality of the products with which we 
have experimented. 

10. Candida macedoniensis (Castellani) Berkhout, 1923 

Culture studied. Castellani’s strain received from Negroni. Diddens and 
Lodder created the new designation Saccharomyces macedoniensis for the perfect 
stage (1939) of this organism. 

The growth on solid medium is soft, shiny, smooth, creamy white. The 
edges are translucent. On liquid medium, neither veil nor ring is produced. 
The central portion of the cultures consists of round or oval blastospores (2 to 6 
X 3 to 4 m)- The periphery shows abundant pseudofilaraents which may form 
microscopic, coremiumlike structures. These filaments produce few blasto- 
spores and are levogyre. 

C. macedoniensis produces acidification and clotting of milk; it utilizes inulin 
but not maltose. Castellani (1937) and Diddens and Lodder (1939) say that it 
ferments inulin, but our results were negative. 

11. Candida pseudotropicalis (Castellani) Basgal, 1931 

Culture studied. Candida mortifera, Redaelli’s strain received from Langeron. 

On solid medium the growth is soft, flat, smooth and shiny, and creamy white. 
In liquid medium neither a veil nor a ring was observed. On slide cultures the 
filaments produce treelike structures. Langeron and Guerra stated that galac- 
tose was not fermented, but our results were positive; this difference is not an 
important one. Diddens and Lodder (1939) demonstrated that C. pseudo- 
tropicalis should be considered as the imperfect stage of Saccharomyces fragilis 
Jdrgensen. 

12. Candida brumpli (Langeron and Guerra) Langeron and Guerra, 1938 

Cultures studied. Blastodendrion brumpti, Langeron ’s strain. Candida ra- 
vanti, Langeron’s strain. 

The growth on solid medium is smooth, shiny, soft, and with an undulant 
edge which becomes filamentous at the upper part of the tube. In liquid media 
a thin film is observed. On slide cultures we were unable to obtain good fila- 
ments. In old cultures on Sabouraud’s agar we usually observed good fila- 
ments; we found a true mycdium and a pseudomycelium about 1.75 to 2.5 ft 
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in diameter. The blastospores are produced by the sprouting of the filaments; 
sometimes they form short chains. A branch of the mycelium may give rise at 
its end to 2 or 3 chains of blastospores. Some blastospores are rather elongated. 
Verticils of blastospores may also be occasionally observed. Some filaments 
produce pseudoconidia. We also foimd chlamydospores about 6 to 10 m hi 
diameter. 

Langeron and Guerra observed smooth colonies of round or oval cells and 
corrugated colonies consisting of elongated cells. We were able to dissociate a 
strain and obtained smooth and rough cultures. Langeron and Guerra stated 
that C. brumpti has a weak fermenting power; our results were negative. 

Some authors believe that C. brumpti is a synonym for C. parakrusei. We do 
not agree because C. brumpti does not ferment glucose; it does not grow at 37 C; 
it does not utilize sucrose; and it produces true mycelium and chlamydospores. 

13. Candida flareri (Redaelli and Ciferri) Langeron and Guerra, 1938 

Culture studied. One strain isolated from a case of paronychia in Montevideo, 
together with Rhodotorula mucilaginom. 

The cultures on solid medium form a thick, soft, and creamy white film. 
This growth is smooth during the first days, but verj’^ soon some radiating and 
superficial furrows appear. These furrows limit sectors which vary in depth of 
pigmentation. After several weeks the center of the giant colonies showed some 
verrucosity. Filaments may be seen occasionally around the upper parts of 
the cultures. In liquid medium a partial mucous veil may be observed. We 
could not obtain filaments on slide cultures. On Sabouraud’s agar, we sometimes 
observed a branched pseudomycelium which recalls the ‘‘mycocandida^’ type 
of Langeron and Talice. Some filaments show terminal chains of blastospores. 
Our strain did not ferment any sugar. The auxanogram with sugars is identical 
with that observed by Langeron and Guerra. In Laurent’s medium we ob- 
tained the same results only when thiamine was added to the medium. In 
Laurent’s medium without tliiamine, no differences Avere observed between the 
tubes with sugars and those without sugars. This experiment demonstrates 
that our strain has a thiamine requirement. The auxanogram with urea was 
negative, but when we added to the medium heated cells of Saccharomyces 
cerevisiae or of Rhodotorula mucilaginosa (from a culture on Sabouraud’s agar), we 
obtained a positive auxanogram for urea. The addition of thiamine instead of 
yeasts did not produce the same results. These experiments seem to show that 
our strain has several deficiencies. 

Our strain was isolated from onychia. The cultures of this case produced tw o 
different types of colonies: (1) numerous red colonies which were identified with 
Rhodotorula mucUaginosa; (2) a few^ white colonies which we have identified as 
C. flareri, R, muoiUiginosa may produce mucoid, smooth, or rough colonies, 
and we have observed that even the mucoid or normal form may produce fila- 
ments similar to those we observed in Candida jlareri, 

Nadson and Philippov (1928) obtained from Rhodotorula glutinis races w^hich 
were characterized by discoloration. We have obtained from R, mucilaginosa 
pale races. 



330 JUAN E. MACKINNON AND RICABDO C. AETAGAVETHA-ALLENDB 

Our expeiiments show that R. mucilaginosa and C. Jfaren 'utilize exaody the 
same sugars. The auxanograms are identical even when a minor detail, such as 
the weak assimilation of galactose, is taken into consideration. In Laurent’s 
liquid medium it was necessary to add thiamine in order to obtain good growth of 
R, mueUaginom. The utilization of urea by R. mvciUiginosa was negative in 
the synthetic medimn recommended by Lodder, but when dead cells of the same 
strain (from cultures on Sabouraud’s agar) were incorporated in the medium, 
the auxanogram with urea became positive. Moreover, R. muciloffinosa may 
produce some long and filamentous growth in the depth of the agar. 

It is evident that many similarities exist between the strain which we called 
Candida flareri and the species Rhodotonda mtidlaginosa. The only difference 
which we foimd is that C. flareri is white whereas R. mucilagirma is red because 
of a carotinoid pigment; but this characteristic of the Rhodotorulaceae may be 
lost as we have seen above. Moreover, we must not forget that the only strain 
of C. flareri which we have isolated was found together with R. mucilaginosa. 
AH these facts suggest that C. flareri is an impigmented variant of the “S” form 
of R. mucilaginosa. 

14. Candida smveolens (Lindner) Langeron and Guerra, 1938 

Culture studied. Neogeotrichum pulmonmm. MagalhSes; the Magalhiies 
strain received from Ar^a LeSo. 

We have identified with this organism the strain named Neogeotrichum pul- 
moneum or Oidium brasiliense by MagalhSes. MagalhSes claims that this 
species produces bronchomycosis (1918, 1929, 1932). The colonies grow 
rapidly. The cultures on glucose agar are cream-colored; they have a membra- 
nous consistency and show deep and irregularly arranged furrows which produce 
a cerebriform aspect. In liquid media a membranous veil is produced. Fila- 
ments are easily obtained on slide cultures. The pseudofilaments (2 to 3 /i 
in diameter) are built up into short and long segments. The short segments 
predominate at the end of the pseudofilaments. Each segment sprouts at its 
distal end and produces 2 or 3 blastospores. The segments of the filaments 
adhere one to another and may simulate arthrospores. The branches of the 
filaments adhere also to the main filament and sometimes the general aspect is 
that of a feather that has been introduced into water (figures 7, 8, and 9). 

The biochemical properties are summarized in table 1. We also observed 
liquefaction of gelatin. The following tests were negative: liquefaction of 
Loeffler’s serum, production of indole and ammonia, reduction of nitrates, hy- 
drolysis of starch, and the Voges-Proskauer test. 

Langeron and Guerra described mucoid, smooth, and membranous colonies 
and observed several changes. The strain of Magalhites has bem studied in 
the “R” or membranous form. 

Funtoni considers that C. suaveolens is a Trichosporon. We think that tkis 
is not justified because C. suaveolens does not produce true arthrospores. 

We have asked several laboratories for strains of Neogeotrichum ptdmoneum 
and received seven cultures which we identified as Candida irofdedis (four 
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strains), C, albicans (one strain), Geotrichum lactis (one strain), and Candida 
suavfolens (one strain). We think that Candida svaveolens cannot be con- 



Tk;. 7. (’andida svAVKOLENs (on N eo<;eotku:hi m pllmonevm orOidii m rrasiliexseK 
Ma(;alhaes Strain. Slide C’l lti re. Magnification X95 
Figs, 8 and 9. (’andidv si aveoi^ens. Magalhaes Strain, Slide ( i i/rntivs. 

Magn I FicATioN.s : X570 


sideri'd as a cause of bronchornyeosis; it lias Jieen confused with otlu^r species 
which have a true pathogenic action, namely, C, iropicalis and (\ albicans. 
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15. Candida dcJormaiiH (Zach) LanjziC'ioii and (luerra, 1938 

W(* did not ^et any strain. Langeron and (luerra described membranous, 
wrinkled cultures. On liciuid medium a membranous veil was observed. Fila- 
ments are easily observed and show some ti-(‘elike structures with pleurogenous 
(not verticillate) branches which look like a true myc('lium. 

16. Candida zcylanouiv^ (( Vist(*llani) Langeron and (lu(‘rra, 1938 

We could not study any strain of this s])(H*i(\s. Langeron and (huuTa state 
that the colonies are creamy white, soil, .shiny, and smooth, but sometimes they 
show' sectors with iujTow’s. A filamentous halo may ))e o])serv(‘d around some 
colonies. On liiiuid media, a partial veil is formed. On slide cultures tin* 
filaments are not easily ol)tain(Hl. The biocluanical propcalic's ari‘ summarized 
in table 1 . 

SCMMAliY AND (’ON(Ma sIOXS 

Tlie auxanographic methods of the Kuro})ean authors (Stelling-I)ekk('r, 
Lodder, and Langeron and (luerra) are neces,sarv for a (*orr(‘ct id(aitifi(*at ion of 
th(» pathogenic* as well as the nonpathogcaiic yiai.sts. 

The genus Candida Herkhout is a heterog(aHa>us group of spe(*i(‘s. 

The existence ol true dissociation or hereditai v change's in some .s])(‘ci(\s of tlu* 
genus Candida is a fact which cannot be denied. Oiu' type* of varialion nia\ be 
related to the “R” form of bacteria (“membraiKnis variant” of Mackinuon), 
and anotJier t\pe of variation observed in i'andidn alinmns to the* “lethal races” 
of Krassilnikov and of Nadson, observed in Saccharainyrvs ccnrisnu. 

The perfect stage of some spc'cies has becai found: Diddcais and LoddcT 
demonstrated that Sarcharofnyccs Jrayili,^ is the pc'rfect form of Candida pst ndit- 
tropicalhs; the same authors <*alled Saerharontyres marcdanicn-^is the pcu’fec't 
form of Manilla inarcdonivnais. 

Candida krum also has a peilect .stage*. The* imperlect foiFu of this spc'cies 
cannot be* distinguishcMl from M yeaderma nnrisiac ])e*smazieres, and the* pe*r- 
lect form must be ine‘lude*d in the ge*nus Cichia Hanse*n. 

Candida iropicalis is a ve‘ry important s])e*e'ie*s for the me*dical pathologists. 
Some .strains ])roelue*e abundant true filanuaits. 'rhe*se* lilam(*ntous strains may 
produce arthrosporeAs, eve»n appre'ssoria. We diel not observe* e*hlamydospore*s. 

Candida iniarmadia is not a svnonym of C. tropirnlhs and we* think that it doe*s 
not d(*s(*r\e medical intere*st. 

Candida prlliculom .see*ms to be a Tinidop.sns. 

We think that Candida Jlairri (R(*daelli and Ciferri) is a white variant of 
Rhodotorula niucilaginom (Jorgensen) Harrison. 

Candida albicans (Robin) Berkhout, and Candida stcllalaidra (Martin, Jone*s, 
Yae), and Lee*) show' some c’ommon e*harae*ters, as well as charae*teristi(* and 
identie*al e*hlaniydospores. The\v produe*e a true mycelium. Both si)ecie?s 
easily produce “membranous” or “R” variants. 

We think that N cogcofrich am pulmonvum Magalhaes {Oidinm hrasilietisc of 
the same author) is a synonym for ('andida snarcolcns. This species has been 
found in a few cases. But seven strains re*late^d to N. pidynoncum have* been 
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identified in our laboratory with Candida tropicalis (four strains), with Candida 
albicans (one strain), with Geotrichum lactis (one strain), and with Candida 
maveolens (the original strain). 

We agree with Conant’s claim that Syringospora Quinquaud w^as the first 
validly published genus for these yeasts. We think there cannot be any doubt 
that Syringospora is the first validly published genus for the agent of thrush 
{Candida albicans) and for the related species, Candida stellatoidea. 

Some species like (7. albicans^ C. stellatoidea, and Candida parakrusei are 
common parasites of the mucous membranes, which seem to be the normal 
habitat. Other species, like Mycoderma cerevisme {Candida krusei), Saccharo- 
myces fragilis {Candida pseudotropicalis), and Candida chalmersi, are sapro- 
phytes outside the human body. 
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Relatively mild heating of the spores of mesophilic aerobes has been shown 
to hasten their subsequent germination (Evans and Curran, 1943). Although 
effective in bringing about a more rapid germination, with one exception, such 
heating had no measurable influence upon the number of spores that germinated. 
This tangible evidence of pregermination stimulation led us to extend our obser- 
vations to a group of thermotolerant aerobes isolated from commercially canned 
evaporated milk that had spoiled. With nearly all the latter types, preheating 
was found to exert a determining influence upon the number of spores that 
germinated. This phenomenon, which must be regarded as true heat activation, 
has not been reported previously for bacterial forms, although evidence of its 
operation may be found in the publications of Mudge and ThorwaJdsen (1930) 
and Christian (1931), both of which dealt with obscure milk defects in which 
heat affected the development of sporeforming organisms. Seeking to explain 
observed qualitative and quantitative changes in the flora of pasteurized milk, 
Mudge and Thorwaldsen formulated an interesting hypothecs which assumes 
for certain thermophiles a complex life cycle involving both visible and invisible 
spore forms. The latter, normally dormant, might be induced to germinate by 
physical and chemical agencies, including heat. Christian believed that heat- 
ing promoted the development of a “coconut” or “carbolic” taint in commercial 
sterilized milk by destroying a product of vegetative activity inhibitory to the 
germination of the spores. 

Some light is shed upon the heat activation reaction by experiments reported 
in this paper. The relationship between the amount of pregermination heat 
and the degree of activation, and certain factors exclusive of pregermination 
heat which affect the heat response are given especial consideration. 

METHODS AND MATERIALS 

Observations were made on the following organisms: 15u, 4149, 6 (A,merican 
Can Company); CON (“A,” Continental Can Company); 9499 (National Can- 
ners Association); Gi and Hz (Whitehouse Evaporated Milk Company); LB 
(Bureau of Dairy Industry); Bocflftts coagtdam (Iowa State College), a thermo- 
tolerant aerobe isolated from spoilage in commercially processed evaporated 
milk; BaciUm cdUdolacHs, 2 strains, one from Iowa State Collie and 1518 from 
the National Canners Association, both obligate thermophilic aerobes recovered 
from spoiled evaporated milk and com, respectively; BacUhts subHlis 6051 and 
6634 (American Type Culture Collection); and 3679 (American Can Company), 
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a putrefactive mesophilio anaerobe. Cultures 6, 16u, 4149, and LB were subse- 
quently examined by Doctor Ruth Gordon of the staff of the American Type 
Cultime Collection and provisionally identihed as Bacillus suUilis. 

Plain nutrient agar slopes (pH 7.0) were used as mediums in the production 
of the spores unless otherwise stated. The incubation temperature was 37 C, 
except for 1518 which usually was 55 C. When sporulation was complete (2 to 
3 weeks’ incubation) the growth was washed into sterile distilled water, filtered 
through cotton, and centrifuged. The water was decanted and the washing 
process repeated 3 times. The washed spores were then filtered through the 
cotton plunger tube as described by Morrison and Rettger (1930), which effec- 
tively removed most of the clumps. The concentrated stock suspensions thus 
prepared, practically 100 per cent spores (except 1518), were plated to determine 
purity and count, and were then held at 6 C until used. 

The nutrient agar (pH 7.0) used as a plating medium contained, per liter: 
peptone (Difeo) 5 g, beef extract (Difeo) 3 g, sodium chloride 5 g, glucose 3 g, 
and agar 13 g. 

The general plan of the experiments was as follows: small aliquot portions of 
the stock suspensions diluted in distilled water were seeded into 8-ml quantities 
of the test medium contained in pyrex tubes. After thorough mixing, selected 
tubes were set aside to serve as controls, and the remainder were heated in a 
95 C bath, usually for 10 minutes. The heating was accomplished in a stirred 
glycerol bath equipped with a thermoregulator which maintained the desired 
temperature at ± 0.5 C. The heated and unheated control samples were then 
plated on glucose agar of the composition noted above. Routinely, plates were 
counted after 48 hours of incubation, and at regular short intervals counted 
plates were returned to the incubator and re-examined after 4 additional days 
of incubation. When low subcultivation temperatures were used, the incubation 
periods were necessarily extended, as indicated in the tables or text. 

EXPERIMENTAL 

Activation of spores in relation to the amount of heat applied. The proportion 
of spores that respond to pregermination heating is dependent upon the amount 
of heat applied. This is revealed in the following experiment in which a suspen- 
sion of spores was subjected to different periods of heating at constant tempera- 
tures. When the spores were uniformly dispersed in sterile skim milk plated 
both immediately and after varying periods of heating at 95 C, the effect of 
heating was to increase materially the number of colonies which developed. 
The results obtained with 3 naembers of the spoilage group are shown in figure 1. 
The incubation temperature of the plates was 37 C. The colony count increased 
with the time of heating rather rapidly during the first few minutes, then more 
slowly until a maximum was reached, usually between 15 and 30 minutes; longer 
heating reduced the number of colonies. It is clear that, under these conditions 
of production, treatment, and subcultivation, germination of the spores is a 
function of the amoimt of heat to which they have been exposed. Without some 
preheating only a small proportion of the potentially viable spores were able to 
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germinate; prolonging the incubation time, var 3 ring the nutritional character of 
the plating medium, and other measures, except temperature elevation, had no 
appreciable influence upon the number of colonies formed. The rising slope 
of the curve shows that the heat activation threshold differs with the individual 
spores in a culture. 

Activalim of spores as influenced by the nature of the heating medium and by 
the temperature of subevUivaiion. The germination response following the heat- 
ing of spores in a 95 C bath for 10 minutes in each of 9 different mediums is 
shown in table 1 . The results obtained at different temperatures of subcultiva- 
tion reveal the importance of this factor in determining the magnitude of the 
heat response. The figures within the parentheses indicate the ratio of the 
count to that of the unheated control. With subcultivation at 37 C, preheating 
increased the count of the thermotolerant species (number of spores which 



Fia. 1. Thb Gbbmination of Spobbb befobe and afteb Vabyino Pebiods of Miu> 

Heating in Skim Milk 

germinated) in all the heating mediums; but activation was especially pro- 
nounced in the presence of glucose, lactose, peptone, and milk. Glucose is fer- 
mented by these organisms; lactose, not vigorously attacked, promotes heat 
activation to about the same degree as glucose. Salt depressed heat activa- 
tion whereas beef extract enhanced it moderately, as did agar alone. The 
results obtfuned in the complete agar and broth mediums reflect the balancing 
influence of components which both enhance and depress heat activation. Sub- 
cultivation at 48 C increased the count over that at 37 C of both the unheated 
spores and those heated in water, beef extract, and salt solution, but it had little 
or no effect in the presence of glucose, lactose, or milk. Less extensive data 
for the obligate thermophile (1518) show similar relationships. High tempera- 
tures of subcultivation serve to equahze the count at high levels by inducing a 
secondary activation of the spores in the subculture medium, a reaction which 
does not occur at 37 C or below. The test substances have no measurable* 
effect upon the count in the absence of preheating or high temperature incuba- 
tion. In table 2 is shown the heat activation reaction in skim milk with sub- 
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>8. 15u, 4149, and LB— spores produced at 37 C. 
>. 1518^pores produced at 46 C. 
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cultivation of the spores at temperatures down to 14 C. When the subcultiva- 
tion temperatures were below 30 C, a preliminary count was regarded as final 
if incubation for an additional week at the same temperature resulted in no new 
colonies. These data reveal the important fact that preheating insures a high 
percentage of germination at very low temperatures. In the heated samples 
colonies appeared earlier and developed more rapidly than those from unheated 


TABLE 2 

The germination of the eporee of thermotolerant aerobee after eublethal heating ae influenced 
by the temperature of eubeultivation 


OMQAmSU 

TEKPEKATUU OF 
SUBCiaTIVATION 

TIXATMENT OF SPOKES 

Not heated 

Heated at 95 C for 10 
minutes 


C j 

mi 

per mi 

16u 

37 

4,700 

87,000 


30 

3,500 

85,000 


25 

2,200 

88,000 


20 

2,400 

88,000 


14 

1,080 

19,000 

4149 

37 

13,000 

39,000 


30 

14,600 

36,000 


25 

15,100 

33,000 


20 

14,900 

31,000 


14 

10,500 

29,000 

LB 

37 

3,100 

47,000 


30 

1,700 

45,000 


25 

1,600 

37,000 


20 

1,500 

37,000 


14 

i 850 

31,000 


Heating medium, sterile skim milk. 

37 C plates counted after 3 and 7 days’ incubation. 

30 C plates counted after 3 and 7 days’ incubation. 

25 C plates counted after 2 and 3 weeks’ incubation. 

20 C plates counted after 3 and 4 weeks’ incubation. 

14 C plates counted after 4 and 5 weeks’ incubation. 

samples; this lowering of the temperature of germination for the majority of 
spores is associated with mild heating involving no measurable lethal action. 

Of considerable practical significance would be experimental evidence to prove 
that the relatively few spores which survive drastic heating react similarly to 
different subcultivation temperatures. This evidence is provided in table 3, 
which shows that the overwhelming majority of spores which survive severe 
heating germinate at lower temperatures than do unheated spores. Graphic 
representation of these data in terms of the perc^tage of germination emphasises 
this fact (figure 2). It should be noted, however, that at the lowest temperature 
of subcultivation (14 C) none of the spores that survived fiutociaving were able 
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to develop whereas a small proportion of the unheated spores could. Although 
a selective elimination of sporSs which germinate at the higher temperatures is 
not excluded, the reaction appears more likely to be a further manifestation of 
heat activation. A recent paper of Williams and Reed (1942) has a bearing on 
this subject. These authors recorded greater thermal death times for spores of 
Clostridium botvlinum types A and B and of an unidentified putrefactive anaerobe 
(3679) when the recovery cultures were incubated at 24 and 27 C than when 
incubated at 31 or 37 C, although the optimal growth temperature of these 
organisms is in the 36 to 37 C range. Working with the spores of the same putre- 
factive anaerobe (3679), we obtained some evidence for heat activation in this 
species, but the results were deemed inconclusive. (The special Brewer petri 

TABLE 3 


The germination of the eporee of thermotolerant aerobes after severe heating in skim milk as 
influenced by the temperature of euhcultivation 


OKGANISM 

i 

TEMFBSATUXC OF 
SUBCULTXVATION 

TSSATICEMT OF SPOEX3 

Not heated 

Heated at 120 C; autoclaved 
for 10 minutes 


C 

ptr ml 

p» ml 

15u 

48 

980,000 

30 


37 

129,000 

1,900 


30 

83,000 

2,650 


25 

81,000 

2,050 


20 

86,000 

450 


14 

6,100 

0 




6 mirnuUs 

LB 

48 

1 3,470,000 

10 


37 

254,000 

2,850 


30 

218,000 

4,270 


25 

160,000 

3,000 


20 

133,000 

900 


14 

71,000 

0 


dish cover and B-B-L anaerobic agar were used.) The net result of preheating, 
provided it is adequate, is to lower the temperature at which germination of the 
majority of spores can occur. It would appear that these spore populations 
are divisible into several classes or groups depending on their minimal tempera- 
tures for germination — ^the largest, with a relatively high temperature minimum, 
is susceptible to heat activation, which enables the spores to germinate at sub- 
minimcd temperatures. 

Table 4 shows the effect of different concentrations of glucose and of salt upon 
the heat activation of spores; for each of the 3 cultures, glucose in 0.1 per cent 
concentration was most effective in promoting heat activation. The depiesring 
action of salt upon heat activation is evident in the higher concentrations. 

The temperature at which spores are formed in relation to heat actimtion. In 
this experiment spores of 16u, 4149, and LB, produced at 30, 37, 45, and 52 C 
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were heated in milk at 95 C for 10 minutes, after which they were subcultivated 
on plates at 37 and 48 C. Spores of the obligate thermophile (1518) produced 
at 45, 50, 55, and 65 C were similarly heated, but subcultivated at 45, 55, and 
61 C. The data are shown in table 5. In three of the cultures (15u and LB, and 
1518), activation was greatest at 45 and 55 C, respectively — temperatures which 
approximate the optimal for growth. With 4149, spores produced at suboptimal 
temperatures were most responsive to heat. As in the experiment which in- 



Fio. 2. The Pehcentage Germination or Spores at Different Temperatures before 
AND AFTER AuTOCLAVINO (120 C FOB 10 MlNUTBS) IN SkiH MiLK 

volved the different heating mediums (table 1), the higher temperatures of sub- 
cultivation effect a smoothing out of count differences, both between heated and 
unheated samples and among the heated samples incubated at different tem- 
peratures, The probable explanation for this is that heat at 48 C, but not at 
37 C (temperature of subcultivation), maintained for 48 hours (incubation time), 
is itself sufficient to activate many of the spores — a reaction which, as has been 
shown, would be promoted by tihe peptone and glucose constituents of the medium. 
Similarly some activation of spores must also occur when thqr are formed at 
high temperatures. At 52 C spore production in ISu, 4149, and LB was much 
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reduced ovot that of 37 and 45 C. Although lower in their susceptibility to heat 
activation than those produced at lower temperatures, they and the spores 
(1518) produced at 65 C do nevertheless respond in some degree to preheating. 

TABLE 4 


The germination of the spares of thermololerant aerobes after sublethal healing as inUnenced by 
the concentration of glucose and of salt in the heating medium 



TSEATBIENT OF SFOKES 

OSQAM- 

isu 


1 Heated at 95 C for 10 minutes in 

JNOt 

heated 

Glucose 

0.01% 

Glucose 

0.05% 

Glucose 

0.1% 

Glucose 

0.5% 

Glucose 

1.0% 

NaCl 

0.05% 

NaCl 

0.1% 

NsCl 

0.5% 

NaCl 

1.0% 




per ml 
000 

Per ml 
000 

per ml 
000 






15u 

68 





910 

243 

155 

121 

111 

4149 

67 

330 





109 


89 

79 

LB 

116 

840 



vm 

1,470 

175 

171 

103 

75 


Subcultivation temperature, 37 C. 


TABLE 5 

The germination of the spores of the thermololerant and thermophilic aerobes after sublethal 
heating* as influenced by the temperature at which the spores were formed 


j 

TXMPSa- 
ATuas 
OF SUB- 
CULTIVA- 

temfeiiatube at which spobes webs pboducbd 

onoAM* 

ISM 

30C 

1 37 C 

1 "c 

1 S3 C 


TION 

No heat 


No heat 

Heated* 


Heated* 

No beat 

1 Heated* 


C 

per ml 
000 

ttrmlOOa 


per ml 000 

per ml 
000 




4149 

37 

215 

1,390 (6X) 

47 

211 (4X) 

21 i 

81 (3X) 

0.21 


4149 

48 

521 

1,940 (3X) 

170 

330 (IX) 

87 

97 (IX) 

0.34 


16u 

37 

21 

314 (14X) 

32 


24 

963 (40X) 

0.09 

0.62 (6X) 

15U 

48 

44 

435 (9X) 

52 

457 (8X) 

54 

964 (17X) 

0.15 

0.66 (4X) 

LB 


20 

250 (12X) 

39 

410 (lOX) 1 

22 

360 (16X) 

1.88 

4.76 (2X) 

LB 


94 

330 (3X) 

118 


50 

310 (6X) 

2.27 

4.67 (2X) 



45 C 

SOC 

55 C 

1 

1 65 C 

1518 


5.4 

46 (8X) 

4,2 

56 (13X) 

4.9 

71 (14X) 

5.20 

17.4 (3X) 

1518 

55 

18.3 

55 (3X) 

19.8 

56 (2X) 

17.9 

67 (3X) 

18.00 

22.7 (IX) 

1518 

61 

24.4 

51 (2X) 

27.9 

66 (2X) 

24.2 

74 (3X) 

26.40 

1 

33.0 (IX) 


* 95 C for 10 minutes in skim milk. 

^ PasteurizaHon in rdaUm to heat acUvatim. Spores of I5u, 4149, and LB were 
seeded into sterile skim milk, heated at 62 C for 30 minutes, then subcultivated 
in the usual way. With subcultivation at 37 C (table 6) the count was increased 
at least 50 per cent with the expected lower response accompanying the higher 
temperature of subcultivaUon. 
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Persistence (tf heat adioation. Tests with these cultures have shown that spores 
activated by heating remain in the activated condition for a period of months. 
This suggests that the heat-induced change is irreversible, which would distin- 
guish it from a somewhat similar reaction in the ascospores of certain fungi 


TABLE 6 

Pasteurization in relation to heat activation in spores* 


OlOANISlf 

TEMPXXATUIE Of 
SUBCCLTIVATION 

TUATUEMT Of SPORES 

Not heated 

Heated at 62 C for 30 
minutest 


C 

fw ml 

per ml 

16u 

37 

11,200 

22,000 

15u 

48 

26,000 


4149 

37 

6,800 

20,000 

4149 

48 

25,000 

32,000 

LB 

37 

10,100 

21,000 

LB 

48 

30,000 

41,000 


* Spores produced at 37 C. 
t Heating medium, skim milk. 


TABLE 7 

The germination* of the sporesf of two strains of Bacillus subtilis after svhlethal heating in 
skim milkf as influenced by the temperature of subcultivation 


OIOANXSM 

TBICPEIATtriS OF 
SUBCUtTlVATION 

TREATMENT Of SPORES 

Not heated 

Heated at 85 C for 10 
minutes 


C 

Ptr ml 

per ml 

6051 

37 


39,000 


20 


48,000 


14 

52,000 

57,000 

6634 

37 

65,000 

66,000 


20 

55,000 

67,000 


14 

1,500 

15,000 


* 37 C plates counted after 3 and 7 days’ incubation. 

20 C plates counted after 1 and 2 weeks* incubation. 

14 C plates counted after 3 and 4 weeks’ incubation, 
t Produced at 37 C» 

described by Shear and Dodge (1927) and by Goddard (1935). The latter foimd 
that spores became deactivated by conditions which prevented germination, 
necessitating a second heating, following which they germinated normally. 

Sublethid heating was previously shown to accelerate the germination of cer- 
tain mesophiles (Evans and Curran, 1943). With one exception, heat activation 
was not observed. Among the organisms studied were 2 strains of B. si^ilis. 
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6634 and 6051, 'ndiioh grew readily on agar slopes at 55 C. Because of their 
tolerance to heat, the heat response of the spores of these cultures was retested, 
new crops being employed with subcultivation at 37 C, as formerly, and also 
at 20 and 14 C. The results are shown in table 7. Pregermination heating of 
the spores of 6051 had little influence upon the plate count at any of the three 
temperatures of incubation. Subcultivation at 37 C after preheating had no 
appreciable influence upon the number of spores of 6634 which germinated, con- 
firming our previous observation. When, however, lower temperatures of gub- 
cultivation were used, the activating effect of heating became evident. It is 
noteworthy that at 14 C with the benefit of preheating, only 22 per cent of the 
viable spores were able to germinate; without preheating about 2.2 per cent were 
able similarly to develop. Thus heat activation may be operative in a culture 
and yet escape detection if the conditions of subcultivation are not suffi- 
ciently wide. 

DISCUSSION 

That heat activation is a factor contributing to the spoilage of canned foods 
of certain types can hardly be doubted. Of 12 spore forms recovered from 10 
different outbreaks of spoilage in commercially processed evaporated milk, at 
least 10 were subject to some degree of heat activation. These include B. coagu- 
lans and B. calidolactis, well-known milk-spoilage types. With broader condi- 
tions of observation, it is not unlikely that all could be shown to respond. Flat 
sour types {BaciUw stearotherrnophilis) are heat-activatable. 

Heat activation may be regarded as an adaptation by which a spore popula- 
tion is able to attain a high-percentage germination at suboptimal temperatures — 
temperatures which, in the absence of heating, permit the germination of only a 
small proportion of the total viable spores; with progressive lowering of the 
temperature of subcultivation a temperature range is ultimately reached at 
which germination of part of the heated and no germination of the unheated 
spores occur. Heat activation seems to be a property primarily of thermotol- 
erant and thermophilic species that possess unusually high thermal resistance; 
spores of such organisms, because of the heat treatment that they have sur- 
vived, are preconditioned to development at low temperatures, which greatly 
increases their spoilage potential. Where thermotolerant species are con- 
cerned, heat activation operates to bring the temperature of germination of the 
majority of the spores within the usual storage and distribution temperature 
range of canned foods. 

Heat activation has a bearing upon certain commercial or laboratory practices, 
of which two may be mentioned. It is a favored and long-established practice 
among bacteriologists to apply sublcthal heating as a means of eliminating 
vegetative cells from test spore suspensions prior to their use; Uie attendant 
change in the germinative capacity of the spores has not previously been sus- 
pected, and, whenever such heating has been employed prior to plating, the 
operator unwittingly increased the accuracy of the count. In the manufacture 
of evaporated milk, it is a routine practice to forewarm the raw milk at 95 C for 
10 minutes prior to its condensation. This is necessary for the attainment of a 
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satisfactory body in the finished product. As a result of such heating, the 
majority of the spores of thermotolerant species become heat labile during the 
short period the milk is undergoing condensation (unpublished observation), 
and this large proportion, in consequence, is easily killed by the subsequent 
processing treatment. This provides an example in which an established com- 
mercial practice quite fortuitously conduces to a desired result. 

Recognition of the phenomenon of heat activation and some understanding 
of the factors which affect it are of manifest importance to the accurate enumera- 
tion of viable sporing thermotolerant or thermophilic aerobes. This may also 
be true for some anaerobes but our observations on the latter are not sufficient 
to warrant a definite conclusion. 


SUMMARY 

Sublethal heating of the spores of many thermotolerant and thermophilic 
aerobes has a determining influence upon the number of spores which will ger- 
minate subsequently. 

A study of 12 thermotolerant cultures isolated from 10 different outbreaks of 
spoilage in commercially processed evaporated milk revealed that nearly all 
would respond to pregermination heating. In the absence of such treatment a 
large proportion of the potentially viable spores did not germinate. Flat sour 
types (Bacillus stearothernwphilus) were found to be heat-activatable. 

The proportion of spores which responded to preheating was found to be 
dependent upon the amount of heat, the composition of the medium in which 
they were heated, the temperature at which the spores were formed-, and the 
temperature at which they were subcultured. 

The heating mediums arranged in the order of their effectiveness upon heat 
activation were; glucose or lactose (0.5 per cent) > peptone (0.5 per cent) > 
skim milk > glucose nutrient agar > beef extract (0.3 per cent) > glucose 
nutrient broth > distilled w'ater > NaCl (0.5 per cent). 

The concentration of glucose most favorable to heat activation was approxi- 
mately 0.1 per cent. NaCl usually depressed heat activation in concentrations 
of 0.5 per cent and higher. 

At 95 C in skim milk the heat-activating process was nearly complete in 10 
minutes, entirely so in 30 minutes. Long-hold pasteurization effects material 
activation of spores. 

The response to preheating is greater when the temperature of subcultivation 
is suboptimal than when it is at the relatively high optimal temperatures. 

Preheating of heat-activatable spores serves to lower the minimal temperature 
at which germination can occur; this applies when the heat treatment is mild 
and nonlethal and also when it is so drastic that relatively few spores survive. 
The economic implications of this are discussed. 

Recognition of the phenomenon of heat activation and some understanding 
of the factore which affect it are essential to the accurate enumeration of viable, 
sporing, thermotolerant and thermophilic aerobes. The relationship of heat 
activation to certain commercial or laboratory practices is indicated. 
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It has been reported that certain of the lactic acid bacteria are capable of 
utilizing glycerol only under aerobic conditions (Gunsalus and Sherman, 1943). 
Inasmuch as these organisms are devoid of cytochrome (Frei et al., 1934; Farrell, 
1935) and are reported to produce hydrogen peroxide during respiration, the 
presence of a functional respiration has been questioned. It therefore became 
of some importance to determine the nature of the reactions involved in the 
utilization of glycerol by these forms. 

HETHOBB 

The culture used, strain 24 from the departmental culture collection, had pre- 
viously been identified as Streptococcus faecalis, Lancefield serological group D. 
It was shown to utilize glycerol only under aerobic conditions (Gunsalus and 
Sherman, 1943) and to derive energy from this process. (Certain other strains 
are capable of using glycerol under both aerobic and anaerobic conditions.) 

Active cell suspensions can be prepared under the conditions suggested for 
the group B streptococci (Wood and Gunsalus, 1942). Suspensions so prepared 
(usually from a 1 per cent tryptone, 1 per cent yeast extract, 0.5 per cent KjHP 04 , 
and 0.1 per cent glucose medium, the cells being washed with phosphate or saline) 
could be employed immediately in the respiration experiments or could be stored 
for 2 or 3 days at refrigerator temperatures. In storage the ojddative powers 
were gradually lost, but the loss in activity was not comparable for all substrates 
tested. The glucose concentration in the growth medium could not be increased 
(to 0.3 per cent, for example) without marked decrease in the oxidative power 
of the cells, especially on such substrates as glycerol and other alcohols. There 
was no evidence of adaptation to glycerol. Active cell preparations could be 
obtained by drying washed cells in vacuo over anhydrous calcium suKate (dri- 
erite). The conventional Warbuig techniques were used throughout. 

EXPERIMENTAL 

Data on the oxygen uptake of a cell suspension refrigerated for several hours are 
given in figure 1. The respiration without substrate was negligible (Qo.(N) = 
10); lactate and pyruvate were not oxidized at an appreciable rate, whereas 
glucose was enddiz^ slowly (Qo,(N) « 74). With glycerol, however, oxygen 
was consumed at a rapid rate (Qo,(N) = 420) imtil 1 mole was used per mole of 
glycerol. Thus these streptococci possess a powerful req>iratary system acting 
upon glycerol. A Qo,(N) of 600 to 700 is not imusual. 

* The authors are indebted to the members of the Department of Agrioultural Bacteriol- 
ogy, University of Wisconsin, where preliminaiy work on this problem was done. 

847 
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Hydrogen Peroxide FormaHon 

The data of figure 1 show that 1 oxygen is utilised per glycerol. The products 
of the reaction were therefore studied. When higher levels of glycerol were added 
(figure 2), only a partial oxidation occurred. For example, when 2.5, 5, and 10 
micromoles of glycerol were supplied, the oxygen used per mole of glycerol was, 
respectively, 0.97, 1.01, and 0.67 moles. The low value at 10 micromoles could 
be due to the accumulation of toxic amoimts of hydrogen peroxide which then 
would form one of the products of the reaction. 



Fig. 1. Oxidations by Steeptocoocus fabcaus, Stbain 24 
0.650 mg bacterial nitrogen per cup. 
m/30 phosphate buffer pH 7.0. 

Total volume 3.0 ml + 0.2 ml 20% KOH in center well. 
Temperature 37 C. 

The occiurence of hydrt^en peroxide was tested for in three ways. 

First, by addition of catalase which would 4ecompose the peroxide formed and 
thus should permit the complete oxidation of 10 or more micromoles of glycerol 
with an oxygen uptake of i mole of oxygen per mole of glycerol. In the presence 
of ciystalline cattdase, 1 part per 100,000 (Sumner and Dounce, 1939),* 10 
micromoles of glycerol were oxidised with an oxygen uptake of 138 pi (0.61 
Os/glycerol), whereas 20 micromoles took up 223 pi (0.50 Os/glycerol) (curves A 
and C, figure 3). The addition of catalase alone had no efifect upon the endoge* 
nous respiration. 


* We are indebted to Professor J. B. Sumner for the crystalline catalase employed. 
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Second, by increasing the volume of fluid in the Warburg flask to 4 ml instead 
of the usual 3. Thus one-third more oxygen should be taken up before the 
concentration of hydrogen peroxide reached an inhibitory level. On addition 
of 10 micromoles of glycerol to a flask with 3 ml of fluid, 138 /il of Oj were used 
(46 per ml), whereas in a flask with 4 ml of fluid, 183 nl of O 2 were used (46 
per ml) . This would indicate that the concentration of hydrogen peroxide which 
inhibits the oxidation of glycerol is close to 2 micromoles per ml. The concen- 
tration of peroxide necessary to inhibit glycerol oxidation varies slightly from 
one suspension to the next. 



MINUTES 


Fig. 2. Gltcebol Oxidation by Stbeptococcus faecaus, Stbain 24 
0.45 mg bacterial nitrogen per cup. 

Other conditions as in figure 1. 

Third, by the addition of pyruvate which is chemically oxidized by hydrogen 
peroxide to acetic acid and carbon dioxide (Sevag, 1932). This removal of 
peroxide would allow the oxidation of higher levels of glycerol. In the presence 
of 5 micromoles of pyruvate, 10 micromoles of glycerol were oxidized with the 
utilization of 1.02 moles of oxygen per glycerol (curve B, figure 3). This quan- 
tity of pyruvate was not sufficimt to remove all of the peroxide formed, but did 
reduce its concentration below the toxic level. That psmivate did not enter the 
reaction except to remove the peroxide is illustrated by the data in curves D 
and E, figure 3, which show that virtually identical amounts of oxygen were 
taken up by 5 micromoles of ^ycerol in liie presence or absence of pyruvate. 

Thus, one aS tiie products of glycerol oxidation is hydrogen peroxide, which 
accumulates and inhibits the oxidation whm its concentration reaches approxi- 
mately 0.002 molar. 
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Acid Production 

The other product or products of oxidation were somewhat more difficult to 
determine. When glycerol was oxidized in Ringer’s bicarbonate buffer with 
an atm(»phere of 5 per cent CO» in air, one mole of acid (or acid plus carbon 
dioxide) was obtained per mole of glycerol. Only traces of carbon dioxide as 
such resulted from the oxidation. The lactic acid found, upon analysis of the 
flask contents by the method of Barker and Summerson (1941), accounted for 
only part of the acid formed. Later it became apparent that lactic acid was 
indeed the other product of the reaction, although in some suspensions the lactate 



MINUTES 

Fig. 3. Gltcbbol Oxidation with Removal op Htdboqen Peboxide bt 
Ptbuvatb ob Catalase 


was further utilized (or its formation prevented) by reactions not concerned di- 
rectly with glycerol oxidation. Recourse was then had to cell preparations in 
which some of these side reactions could be eliminated. Data upon the oxida- 
tion of glycerol with a dried cell preparation are given in figure 4. This prepara- 
tion oxidized glycerol to slightly beyond the theoretical uptake of one Oi per 
glycerol, but was also capable of oxidizing lactate sK^tly. The amount of 
lactic acid found upon ansJysis, plus the amount of lactate oxidized in an equiva- 
lent time, entirdy accounts for the glycerol added. With this preparation the 
rate of ^cerol oxidaticm was greatly decreased in comparison with the living 
cell (i.e., Qo, 10.3 for the preparation as compared to values of 60 to 70 for living 
cells). The rate of oxidation was reduced still further by the addition of catalase 
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— ^to Qo, 6.9. The concentration of hydrogen peroxide which limited the oxida- 
tion with this preparation was 43 m 1 per ml as compared to 46 jul per ml with the 
living cells. The over-all reaction involved in glycerol oxidation may thus be 
written as: 

CHjOHCHOHCHsOH + Oj = H*0* -b CH,CHOHCOOH (1) 
Mechanism 

It is apparent that equation (1) represents the final balance of a series of reac- 
tions leading from glycerol to lactic acid. In order to obtain information regard- 
ing the pathway of this series of reactions, the following experiments were per- 
formed. Several Warburg flasks which contained cells suspended in Ringer’s 
buffer were prepared; ten micromoles of glycerol plus 10 micromoles pyruvate 



Fio. 4. GliTCEBOL AND LaCTATE OXIDATION BT VaCUDM-DBIED CeLL PREPARATIONS OP 
Streptocoocds paecaus, Strain 24 

10 mg dried cell preparatione per cup. 

Total volume 3.0 ml. 

(to remove the peroxide formed) were added at zero time, and the course of oxy- 
gen uptake was followed. At intervals flasks were removed from the bath and 
0.2 ml of 100 per cent trichloroacetic acid were added to the contents to stop 
the oxidation and extract the soluble phosphorous compioimds from the ceUs. 
The cells were subject to extraction for 24 hours at room temperature and then 
removed by centrifugation, the supernatant being analyzed for inorganic phos- 
phate by the method of Fiske and Subbarow (1925). The data in figure 5 
show that the level of inorganic phosphate falls during the oxidation of ^ycerol, 
time indicating that phosphate is esterified. After the oxidation is complete 
(1 mole Ot per mole glycerol) the level of inorganic phosphate rises again to 
approximately the starting value. Similar results are obtained if catalase is 
used instead <A pyruvate to remove the peroxide, or if smaller quantities of 
glycerol are oxidized and the peroxide allowed to accumulate. No phosphate 
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is taken up by cells respiring endogenously. The cell preparations used in 
figure 4 also show a phosphate uptake. In this case 0.13 /t mole of phosphate was 
esterified during glycerol oxidation, whereas 0.22 ^ mole was released during 
the same interval in the presence of lactate. Therefore, the intermediate reac- 
tions iQvolve phosphorylation. 

In the fibres so far provided it will be noted that a lag of approximately seven 
minutes occurs from the time glycerol is added until the oxidation begins at a 
measurable, and maximal, rate. This suggests that the glycerol is converted 
into some other substance before oxidation. From the phosphate uptake one 



Fiq. 6. Phosphobous Uptake Dubino Gltcebol Oxidation 
0.9 mg bacterial nitrogen. 

10 M molee glycerol (224 i»l). 

10 M moles pyruvate, to remove Hj 02 . 

Ringer’s solution pH 7.5. 

would suspect the conversion of glycerol into glycerol phosphates before oxida- 
tion, especially since glycerol-phosphate-oxidizing enzymes are known (Green, 
1936; Euler et al., 1937). We therefore tested purified commercial glycerol 
phosphate, consisting of 48 per cent /3-, and 52 per cent a-^ycerol-phosphate. 
This mixture, however, was not oxidized at an appreciable rate by the living cell. 
As phosphate esters generally do not enter liviD* cells, the ability of the dried 
cell preparation to oxidize the glycerol phosphates was also tested. The results 
were negative. This fact seemed to exclude the glycerol phosphates as 
intermediates in the reaction. However, upon further study, two remaining 
possilnlities became apparent: first, that the drying process had not destroyed 
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the permeability properties of the cell membrane; and, second, that the presence 
of the glycerol phosphates, other than the form oxidized (presumably the 
l-{—)-a; see Baer and Fisher, 1939), inhibited the oxidation of the active form. 

Therefore, to avoid permeability problems, studies were made with the cell 
preparations. A number of treatments applied to dried cells were not suitable 
inasmuch as they either had no effect upon the preparation, or inactivated it 
entirely. For example, treatment with acetone, or washing with m/15 phosphate 
at pH 5, 7, or 8 did not alter the activity. Autolysis of the preparation at 37 C 
for 24 hours (after which time very few cells remained) permitted the oxidation 
of the glycerol phosphates at a measurable rate (Qo, = 1.28), but the prepara- 
tion also oxidized glycerol (Qo, = 1.43). Finally, preparations capable of 
oxidizing glycerol phosphate were obtained by grinding dried cells in vacuo in a 
micro ball mill. 


TABLE 1 


Effect of varied treatments on the ability of vacuum-dried cells of Streptococcus faecalis (no. 
to oxidize glycerol and glycerol phosphates 


TREATliENT 

GLYCEROL ' 

Qoi 

GLYCEROL j 
PHOSPHATES 

REMARKS 

Living cells 

Same colls dried in vacuo 

42.0 

11,7 

0.1 

1.14 

All intact cells, all gram- 
positive 

[in vacuo 

0 

0.55 

0 1 
0.30 ! 

A few cells left, but mostly 
gram-negative debris 

Groundt with yeast extract | 

(m vacuo,. 

6.9 

1 4-6 

1.18 1 
5.5 

A few' cells left, but mostly 
gram-negative debris 


* Ground 18 hours in micro ball mill, 
t Ground with an equal weight of yeast extract. 


Typical data on the cell preparations obtained by this procedure are given 
in table 1. The original dried cell preparation oxidizes glycerol at a rapid rate, 
but glycerol phosphate very slowly, if at all. By grinding with yeast extract 
in vacm, the rate of glycerol oxidation may be decreased to 40 per cent of the 
original value for dried ceils, whereas the oxidation of glycerol phosphate is 
increased almost 5 times. 

With most of the preparations employed it was necessary to have the yeast 
extract present during the grinding process. The addition of an equivalent 
quantity of yeast extract to the preparation after grinding did not restore the 
activity. Presumably, the yeast extract plays some part in the grinding process 
and is not merely a source of diffusible cofactors. An occasional preparation 
ground in vacm without yeast extract could be activated by the addition of ATP 
(adenosine-S-triphosphate), as illustrated in figure 6. With such preparations 
glycerol addition does not result in oxygen uptake, but the further addition of 
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ATP causes oxidation (stopping at the toxic concentration of HjOz). When 
ATP is added without glycerol, no oxidation occurs. The commercial glycerol 
phosphates are oxidized slowly by this preparation; the addition of muscle 
adenylic acid does not improve the respiration. This may be due to the inhibi- 
tory action of the inactive forms of glycerol phosphate on the oxidation of the 
active forms, since the addition of the mixed glycerol phosphates to cell prepara- 
tions oxidizing glycerol results in an inhibition. The activation of glycerol 
oxidation by ATP (figure 6) indicates that the glycerol is converted into the 
natural glycerol phosphate before oxidation. 



MINUTES 

Fig. 6. ATP Activation of Gltcebol Oxidation bt Ground Cell Pbisparation 

100 mg vacuum-dried cells (prep. 5) ground 18 hours in micro ball mill under 
vacuum and suspended in 3.3 ml m/15 phosphate buffer pH 7.1. 

0.5 ml (15 mg) suspension added per flask. 

0.1 ml m/ 20 glycerol (5 n moles) and 

0.5 ml Na ATP (10 mg/ml) added to side arm. 

Side arms tipped as indicated, 37 C. 


From these data the pathway of glycerol oxidation may be formulated with 
relative clarity. Glycerol reacts with ATP to form a glycerol phosphate, 
(presumably l-(—)-a; Baer and Fisher, 1939). This is the compound wliich is 
rapidly oxidized, probably to triose phosphate. The latter is converted into 
lactic acid through the same system followed by triose phosphates resulting from 
glucose fermentation. The glycerol oxidation system is thus part of a consider- 
ably more complex system of reactions. 

It therefore becomes difficult to attribute the effect of an inhibitor to a reac- 
tion at a single point in this series. In the living cell, inhibition of any one of 
the reactions seems to result in the inactivation of the glycerol-oxidizing system. 
Therefore, it has not been possible to trap intermediates. Oxygen uptake on 
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glycerol is not inhibited by cyanide in the usual concentrations (i.e., m/100 to 
m/1,000) but is inhibited by cyanide at levels of 0.03 m (80% inhibition) and at 
0.1 M (100% inhibition). lodoacetate (which was used in an attempt to block 
the system at the triose phosphate stage) completely inhibited the oxidation of 
glycerol at 0.001 m. Sodium fluoride (in attempts to set up a similar block at 
the phosphoglyceric acid stage) showed 20 per cent inhibition of glycerol oxida- 
tion at 0.01 M, 80 per cent at 0.03 m, and 100 per cent at 0.075 m. However, the 
action of fluoride appears to be on the glycerol system as such since pyruvate 
does not relieve the inhibition, as should be the case if transformations of the 
phosphoglyceric acids were inhibited. 

Since the material reacting with oxygen appears to be a glycerol phosphate, 
it is of interest to compare this system with that of the animal. Two a-glycerol- 
phosphate dehydrogenases have been reported: that of Euler et al. (1937) which 
is a coenzyme I system, and that of Green (1936) which is linked to cytochrome. 
If the enzyme system with which we are dealing is coenzyme I linked, it should 
be possible to obtain a conversion of glycerol to lactic acid under anaerobic 
conditions, providing pyruvate is supplied. However, when this was tried with 
resting cells, no acid was produced from glycerol nor from glycerol plus pyruvate 
under anaerobic conditions. Furthermore, with this strain (no. 24) other hydro- 
gen acceptors (for example, fumarate) do not permit growth or acid production 
under anaerobic conditions. It appears that the oxidizing system is tied di- 
rectly to oxygen, and we have been unable to find other substrates with which 
it will react. In a sense, therefore, this system resembles the enzyme of Green, 
but differs in its direct reaction with oxygen without the participation of the 
cytochrome system. 

It is rather remarkable that a noncytochrome system is capable of the rapid 
reaction with oxygen exhibited during glycerol oxidation. When one considers 
that the preparations with which we are dealing are far from pure, and much 
inactive matter is contributing to the dry weight and the nitrogen, the capacity 
of the enzyme to utilize oxygen must be very great indeed. Although one would 
presume that the pure enzyme is a flavoprotein, it differs from known flavopro- 
teins in the rapidity with which it reacts with oxygen. The rate of oxidation of 
glycerol is not increased by the use of pure oxygen instead of air nor by the 
addition of methylene blue. 

The dried cells may be treated with ammonium sulfate at pH 3 to 4 (as is used 
in the separation of the flavin from the protein with Warburg and Christian’s 
old yellow enzsnme), or subjected to the procedures used by Lipmann (1939) 
and by Straub (1939) for separating the flavin component from their prepara- 
tions, without removing activity from the cell particles. The separation used on 
the amino acid oxidase (pH 5, 1/2 saturated (NH 4 )sS 04 ) completely inactivates 
the glycerol system (although it is less drastic than the ones previously men- 
tioned), and we have been unable to restore the activity. Also, the relation be- 
tween the activity of the cells on glycerol and the flavin content of the medium 
is not a direct one. Hence, detailed knowledge of the nature of the enzymes in- 
volved in glycerol oxidatiem must await their isolation. 



366 I. C. GXTNSALUS AND W . W. UMBREIT 

I 

The evidence presented to show the course of glycerol oxidation also bears 
upon the functional nature of this respiration. Certainly the glycerol oxidation 
provides energy to the cell since this streptococcus will grow well when glycerol 
is supplied aerobically, whereas very little growth occurs in the base medium 
(Gunsalus and Sherman, 1943). However, the respiration need not yield energy 
directly to the cell, for, after glycerol is converted into triose phosphate, the latter 
can be fermented to lactate and provide energy. The powerful respiratory system 
operating on glycerol may, therefore, be merely a means which the cell employs 
to remove two extra hydrogens, and the cell may derive its energy, not from the 
respiration as such, but by fermenting the product of that respiration. There is 
no critical evidence at present that the cell derives energy from the respiration 
as such. 

The uptake of exactly one mole of oxygen per mole of glycerol suggests that 
there is no very direct pathway to oxygen from the coenzyme I stage, and the 
low oxidation of glucose and lactate as shown in figure 1 strengthens this conclu- 
sion. However, in working mth this organism over the past three years, we 
have noted a considerable variation in the ability of different suspensions to 
oxidize glucose and lactate . A similar variability was noted by Barron and J acobs 
(1938). Suspensions which oxidize glucose and lactate at the more rapid rates 
(or preparations therefrom, for example as in figure 4) take up slightly more 
than one O 2 per glycerol — the extra oxygen uptake being correlated with lac^tate 
or glucose oxidation which presumably proceeds through reduced coenzyme I. 
The data in figure 4 illustrate the type of result obtained. While this variability 
has not yet been traced to its cause, its occurrence does not influence the con- 
clusions obtained with the glycerol system. 

STJMMAKY 

Glycerol is oxidized by Streptococcus faecalis, strain 24, at a rapid rate (Qo,(N) 
— 400-700), the over-all reaction being: 

Glycerol + O 2 — ► lactate + H 2 O 2 

The pathway of this oxidation involves phosphorylation. The glycerol is 
phosphorylated (with ATP) to glycerol phosphate, w'hich is oxidized to triose 
phosphate. The latter is converted into lactic acid. 

The oxidation is inhibited by the accumulation of H 2 O 2 to a concentration of 
0.002 molar. 

Various properties of the enzyme system are described. 
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INTBODUCTION 

One of the most serious difficulties confronted by soil bacteriologists in trying 
to draw practical conclusions from their study of microorganisms in soil has 
been their inability to distinguish the various species one from another. Certain 
species (notably the sporeformers and rapidly liquefying nonsporeformers) can 
be fairly well recognized and classified, but they are not the most abundant nor 
presumably the most active microorganisms in soil. Examination of soil either 
by the plate method or the microscopic method shows the presence of much more 
numerous (and presumably important) bacteria with characteristics so indefinite 
in nature that it is difficult to determine whether the group includes hundreds of 
species or perhaps only one or two. Under such circumstances progress in the 
study of soil bacteria has naturally been slow. How much progress in the control 
of insect pests would have been made if entomologists were unable to tell one 
kind of beetle from another? 

Under such circumstances soil bacteriologists have, like drowning men, grasped 
at every straw in sight, and most of them have proved very frail supports. A 
study of morphology has yielded some progress, to be sure, allowing classification 
into groups showing the characteristics of Corynebacterium, Mycobacterium, 
“coccus-forming rods,” or simple rods. This has never taken the classification 
far, however, as evidenced by the fact that whereas Coim (1928) considered the 
“coccus-forming rods” as being probably all one species. Bacterium gleinforme, 
Lochhead and Taylor (1938) refer to the Bacterium globiforme group, which they 
regard as comprising numerous species all having the type of morphology in 
question. Even less progress has been made from the use of phyriological char- 
acters; sugar fermentations, nitrate reduction, and numerous other similar 
features have been investigated, and all more or less abandoned, either as giving 
only negative results or as proving too variable, in this group, for reliable use 
in classification. The authors of the present paper wish to point out that another 
attack can be made through the use of bacteriophage. It is recognized that a race 
of bactcaiophage developing in a bacterial culture is to a certain extent specific 
for the species of bacteria in association with which it has developed. It is 
obvious that if this specificity were absolute, it would furnish a means of dis- 
tinguishing species of bacteria from one another, even though no differences could 
be establish^ by ordinary cultural methods. 

Ever since the specificity of bacteriophage was first observed, its possible value 

* Journal paper 608, New York State Agricultural Experiment Station, Gksneva, N. Y.. 
November 13, 1044. 


369 



360 H. J. CONN, ELIZABETH J. BOTTCHER, AND CHALLISS RANDALL 


as aR aid in bacterial classification has been under consideration. Among the 
first to investigate this possibility was Laird (1933) who made a study of various 
strains of certain Rhizobium spp. and their susceptibility to certain types of 
phage. Laird concluded that there was too great variation in susceptibility 
for this method of attack to be promising. 

On the other hand, Evans (1934, 1936, 1940) has found a cei’tain degree of 
correlation between phage resistance and ability of certain streptococci to pro- 
duce septic sore throat. Keogh, Simmons, and Anderson (1938) have found 
susceptibility to phage of some use in classifying diphtheria strains. Levine 
and Frisch (1935) have observed some correlation in the case of Salmonella app., 
and Miller (1937) found the method to have value in the identification of the 
dysentery organism. 

The general conclusion since the work of Laird has been that the method is 
impractical in the case of legume nodule bacteria. Demolon and Dunez (1938), 
for example, found various races of phage nonspecific in their action on different 
strains of the oi-ganisms. In the light of this previous work it would have seemed 
hopeless to attack the problem further except for the improved methods intro- 
duced by Campbell and Hofer (1943). Their observations indicate that Laird’s 
medium does not support vigorous growth of the organisms and rarely becomes 
entirely clear, even when phage has been added and lysis has occurred. This 
would easily bring about irregularity in results of the type which Laird observed 
and which he thought indicated nonspecificity. As a result, further investiga- 
tions of this matter have been made, using Campbell and Hofer’s medium and 
employing the more refined technique which modem studies of bacteriophage 
have made appear desirable. 

The technique is, to be sure, rather complicated and calls for close attention 
to detail; but it is no more difficult or involved than the immunological methods 
that have yielded such promising results in the study of other groups of bacteria. 

METHODS 

Preparation of bacteriophage. The first step was to select a soil in which bac- 
teriophage effective against the organism under investigation was believed to 
be present. In the case of common soil bacteria (like Agrobacterium radiobacter 
and the Bacterium globiforme group) the choice of soil made little difference; but 
when bacteriophage for one of the legume organisms was being sought, a soil 
was selected on which the legume in question had been growing. 

Phage filtrates active against the various cultures were obtained by inoculat- 
ing 1 ml of a heavy suspension of a 24-hour culture of each into 60 ml of Campbell 
and Hofer’s (1943) sauerkraut glycerophosphate medium, then mixing with 
100 g of the selected soil and incubating 20 to 24 hours at 30 C. The infusion was 
then filtered, first through two thiclmesses of medium-speed filter paper until 
clear, then through a sterile Berkfeld N or W fiOiter candle. The sterile filtrate 
thus obtained was designated filtrate A. 

The filtrate A in each case was tested for Isrtic activity by the dilution method. 
In the first test, 1 ml of the filtrate was added to 9 ml of the medium, and inocu- 
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lated with the organism with which the soil had been inoculated by adding 1 to 5 
drops (or in case of slow-growing cultures, 1 ml) of a 24-hour culture. (Clear 
tubes of uniform diameter were used throughout.) The tube was incubated at 
30 C, and observations on lysis were ordinarily made after 24 hours; sometimes 
this was checked by observations on a second tube at the end of 48 hours. (In 
this tube filtrate A had been diluted 10 times, and {presumably any ingredient 
thereof which was incapable of multiplication remained diluted to that extent; 
but the incubation allowed multiplication of any bacteriophage present to which 
the organism inoculated into it was susceptible.) This diluted and incubated 
filtrate was treated in one of three ways: 

1) If slight lysis appeared after the first incubation, the contents of the tube 
were filtered, and dilutions of 10 and 1 ,000 times made in the sauerkraut glycero- 
phosphate medium. If only partial lysis was observed in the inoculated 1,000 
dilution after 24 hours of incubation, it was filtered, and again dilutions of 10 
and 1,000 times were made, inoculated, and incubated. Serial transfers from 
the 1,000 dilution were continued in this same manner, by filtering, making dilu- 
tions, inoculating, and incubating, until complete lysis occurred in the 1,000 
dilution in 24 hours. 

2) If complete lysis occurred after the first 24-hour incubation, the contents of 
the tube were assumed to be practically sterile, and further tests were made 
without filtration; in this case a dilution of 1/1,000 was made directly and ob- 
servations were made for lysis after 24-hour incubation; if no lysis was observed 
in the first such tubes, further dilution was made until after 24-hour incubation 
the 1/1,000 dilution did show complete lysis. 

3) If no lysis, or only questionable lysis, occurred after the first incubation, 
the contents of the tube were filtered and 2 ml of the filtrate were added to a tube 
containing 9 mi of the sterile medium, inoculated, and incubated. No further 
work was carried on with the contents of the latter tube if no lysis occurred after 
48 hours. If there was evidence of lysis, however, the usual procedure of filter- 
ing, diluting 10 and 1,000 times, inoculating, and incubating was continued until 
the 1/1,000 dilution showed complete lysis. 

If this method was not enougli to permit development of bacteriophage from 
some particular culture, greater concentration of the phage was secured by the 
following method: filtrate A was not diluted immediately, but 9 ml of it were 
poured into a sterile test tube and inoculated with the organism for which a 
bacteriophage was b«ng sought. After 24 hours it was filtered and the entire 
filtrate (about 5 ml) brought up to 9 ml by addition of more of the medium. This 
was then inoculated and incubated, and the process continued imtil complete 
Ijrsis was observed in 24 hours. Then the usual series of 1/10 and 1/1,000 dilu- 
tions was made, inoqiilated, and incubated, with serial transfers every 24 hours, 
from whichever tube showed most lysis, until complete lysis was observed in 
the 1/1,000 dilution. If no lysis observed after about 10 transfers, the 
filtrate A in question was discarded as having no bacteriophi^ for the organism 
for which it was being sought. 

Six succesrive 1/1,000 dilutions were made of tihese lysed cultures, in which 



362 H. J. CONN, ELIZABBTH J. BOTTCHSB, AND CHALLISS BANDALD 


filtrate A had already been diluted at least 1,000 times. (This resulted in a 
final dilution of 10~^^ or more of any substance in filtrate A which had not been 
multipl 3 dng during the process.) They were not filtered betweai transfers unless 
for some reason the tubes were not completely cleared. In this manner extrane- 
ous material from the soil was diluted out and the titer of the bacteriophage 
increased sunultaneously. 

Larger quantities of the phage were prepared by adding a tube of a 1/1,000 
dilution which had been lysed for 24 hours and 1 ml of the homologous culture 
to 50 or 60 ml of the medium in a flask. This was incubated overnight and 
filtered, and designated filtrate B. 

The lytic activity of filtrate B was tested by a slightly different dilution 
method. It was diluted in water blanks, or in tubes of sterile medium, of several 
different dilutions; 1 ml of each dilution and 1 to 5 drops of a 24-hour culture 
of the homologous strain were added to 9 ml of the medium and incubated at 
30 C. The highest dilution showing lysis in 48 hours was taken as the critical 
dilution. As an arbitrary standard, it was considered essential that lysis should 
occur with a dilution of 10~^ Any filtrates failing to show lysis up to this dilu- 
tion were reinoculated with 1 ml of a 24-hour culture, incubated overnight, and 
again filtered. These filtrates (C) were again tested. This process was repeated 
until the titer was brought up to the desired point. Phage filtrates (either B 
or C, according to initial strength) were prepared in this way from various strains 
of the organisms investigated in this work. 

Testing for cross lysis. To test for cross lysis of the various cultures under 
investigation, 1 ml of each of their phage filtrates (either B or C) was added to 
9 ml of a 24-hour culture of the organism to be tested. Controls, inoculated 
but containing no phage, were used as the standard of comparison in making 
observations for lysis. The amount of lysis was recorded after 24 and 48 hours 
of incubation at 30 C. A control of the sterility of the phage filtrate was run 
by adding 1 ml thereof to 9 ml of the uninoculated medium and incubating. 

RESULTS 

Preliminary experiment: comparison of the pea organism with other 
nonsporeformers from soil 

The first preliminary test was made to observe whether cross lysis occurred 
between some Rhizdbium species, .the very similar Agrobaeierivm, radiobacler, 
and certain cultures belonging to the Bacterium glob^orme group. Althou^ 
most of the tests included in this preliminary work were repeated in the more 
intensive work which followed, a summary of the preliminary experiment is 
given here in table 1 because this was the only time in the course of the work 
that these three groups of organisms were tested simultaneously. The cultures 
used in this preliminary test were as follows: 

Agrobaeterium radiobacler: Cultures Sim and Sm, from N. R. Smith of the 
U. S. Department of Agriculture, the latter an old strain brought to this country 
by F. Ldhnis; cultures 1000, Ri-i., and lUSCi from the Univermty of Wisconsin, 
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the last one a single cell isolation; culture ISCi from the Department of Bac- 
teriology at the Iowa State College. 

Bacterium ghbiforme group: A culture labeled ‘‘Bact. glob.’^ which has been 
regarded as typical of the species and has been distributed from this laboratory 
under the specific name in question; six other stock cultures which have been 
maintained in this laboratory for ten years or so and which have all been found 

TABLE 1 

Preliminary tests for cross lysis: Agrohacierium radiobacter^ the Bacterium glohiforme group ^ 

and the pea nodule organism* 
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* The symbols used in this table have the following significance: 
++ Complete lysis in 48 hours. 

— No lysis in 48 hours. 


to show the tsrpical morphology of Bacterium globiforme, i.e., gram-negative rods 
in 24-hour culture, gram-positive cocci after 2 or 3 days. 

Bhusobium legvminosarum: Three cultures isolated from plates made in this 
laboratory from a commercial culture sold for the inoculation of peas. 

The most important fact brought out by table 1 is that although a high degree 
of cross lysis was observed between the individual cultures in each of the three 
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groups, there was almost none between the groups. In fact, there were only two 
phage filtrates that lysed any culture or cultures outside their own group. These 
were so few they might well be caused by impure phage preparations, and their 
occurrence seemed to indicate the need of a more rigorous technique. Accord- 
ingly the work was continued with more effort to run the bacteriophage through 
enough serial transfers to assure its purity. 

Agrobacterium radiobacter, Bacterium glcbiforrm, and miscellaneous soil forms 

After the preliminary investigation, it seemed best to divide the cultures into 
two lots for study. One lot consisted of the legume nodule bacteria, and results 
with them are discussed in a later section ; the other lot of cultures, which is taken 
up in the present section, consisted of 7 strains of Agrobacterium radiobacter (all 
but one the same as in the preliminary work); 14 cultures of organisms showing 
the typical Bacterium globiforme morphology, including the stock cultures used 
in the preliminary experiment and others freshly isolated from soil; and 7 mis- 
cellaneous small nonsporeforming bacteria recently isolated from soil. 

This work was carried out during a period of three or four years; two different 
laboratory workers handled the cultures, obtained bacteriophage from them, and 
made the tests for lysis. Tests for cross lysis were always repeated once and 
sometimes two or three times by each of the two workers. Results did not 
always agree on repetition, but there was sufficient agreement so that interesting 
conclusions can be drawn. A summary of all the data obtained with this group 
of cultures is given in table 2. 

The results indicated for Agrobacterium radiobacter, in the upper left-hand block 
of the table, are essentially the same as those in table 1, but represent a good 
many more tests. In general, cross lysis occurred among the various strains of 
this species. About the only exception was culture Si88, which was lysed by 
only three of the phage preparations. It should be remarked that by the time 
the second worker (R) took up the investigation it no longer proved possible to 
get this culture to develop bacteriophage; presumably it was highly phage-re- 
sistant from the start and was getting more so during the progress of the investi- 
gation. Culture Sss, on the other hand, lysed not only its homologous strain when 
tested by B, but acted upon four of the other cultures when tested by R. 
Another striking fact, brought out by the table, is that no culture of this or- 
ganism was lysed by the phage from any of the other bacteria included in this 
series of tests except that from culture CSks, which did lyse four of the A. radio- 
bacter strains in the hands of the first laboratory worker (B) but not when the 
tests were repeated by the second (R). It is equally striking that the phage 
filtrates obtained from Hxis species failed to lyse any of the other organisms. 

It should be added that an experiment was carried on to show whether these 
tests confirm the differences known to exist between A. radiobadermd Bhmbium. 
Phage from one culture of the former (R^Ci) was tested on 17 cultiures of various 
Rhizobitm species; and all the A. radiobacter cultures were tested with bacterio- 
phage from lima bean and soy bean cultures. No lysis was observed in any of 
these instances. 
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The results obtained with the ^^globifonnelike'^cultures are similar to those 
in table 1; but the larger number of strains included and the frequent repetitions 
of the tests make the results more significant. Arranged as they are in the table, 
it will be seen that there is a group of six cultures that shows as good cross lysis 
as do the A, radiohacter strains; it is not diflScult to infer that they are all the 
same species. Of the other eight cultures, three (RJ4c, d, and e) cross-lyse 
perfectly; one culture (BClci) shows no cross lysis with any other culture; the 
other four show a little cross lysis with scattered strains, but not consistently. 
From this one can infer either that one species occurs commonly in the soils 
from which the isolations were made and that the other cultures represent sepa- 
rate species, or that only one species is represented and that this test of cross lysis 
is not satisfactory for its classification. On the whole, the first of these two as- 
sumptions seems the more probable. Somewhat unfortunately, the particular 
strain that has been distributed from the writers' laboratory under the name of 
Bacterium globiforme is not one of these that cross-lyses with any other strain. 

The three cultures designated RJ4c, d, and e, call for special comment. They 
are all subcultures from a single original isolate which showed such varied mor- 
phology as to seem impure. It was plated out, and these three subcultures 
showed such differences in 24-hour cultures that they were believed to be separate 
species: one was a long rod, one so short as to be regarded a coccus, and the 
third was intermediate in length; all three, however, were coccuslike when two 
or three days old. It is clear from table 2 that all three develop identical races 
of bacteriophage; so presumably they are all the same species and the difference 
in morphology when 24 hours old merely indicates differences in their rate of 
going through the life cycle. The fact that the bacteriophage test brings out 
this apparent identity among them speaks well for the value of the test when 
applied to such organisms as these. 

The last block of cultures listed in table 2 consisted of six short rod forms and 
one coccus that did not show the typical “globiformelike" morphology. These 
cultures were all fresh isolations, not yet completely studied; hence, little is 
known as to their identity. They are kno^vn, however, to be nonsporeformersof 
the same general type, biochemicaUy, as Bacterium glabiforme; their character- 
istics, in other words, are largely negative, and too indefinite to permit good char- 
acterization into species. It was once thought possible that all such organisms 
might comprise a single species. 

The results of this bacteriophage test hardly confirm such an assumption. A 
glance at the lower right-hand block of table 2 is enough to show that there was no 
instance of cross lysis among these cultures except in the case of RWi4b and 
RWi4c. These two cultures Qxke RJ4c, d, and e) were subcultures from colonies 
obtained on plating out an isolate that was thought to be impure; they are there- 
fore regarded as unquestionably identical. 

It is clear, therefore, that bacteriophage tests bring out differences between 
these various strains of soil bacteria that are not evident by ordinary cultural or 
biochemical tests* Whether the cultures from which distinct races of phage are 
obtained are actually separate species is still an open question. The chief 
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reason why one can only speculate on this subject is that in this group of bac- 
teria too few other tests are known that can be used to correlate with the results 
obtained from the bacteriophage tests. For this reason, special interest attaches 
to the cultures discussed in the next section in regard to which there is a definite 
characteristic with which such results can be correlated — ^namely, ability to 
produce nodules on certain species of legumes. 

Cultures of Rhisobium species 

The preliminary work (table 1) included studies with three cultures of the 
pea nodule organism, which is the cross-inoculation group to which the specific 
name Rhizobium leguminosarum is ordinarily regarded as applying exclusively. 
The three strains cross-lysed perfectly with each other and, except that one of 
them l 3 rsed a Bacterium globiforme culture (which might easily have been due 
to an impurity in the phage filtrate), there was no cross lysis with any of the 
other cultures included in that series of tests. 

This made it seem worth while to extend the work to include various strains 
of other cross-inoculation groups. The following cultures were secured: 

For clover: 200, 201, 202, 205, 207, and 209, obtained from the University 
of Wisconsin. 

For pea: 301, 303, 304, 310, 311, and 313, from the University of Wisconsin; 
B4, an isolate from a commercial inoculant. 

For bean; 400, 403, 407, and 403sc, from the University of Wisconsin, the 
last named having been obtmned by single cell isolation from 403. 

For alfalfa: 100, 110, 116, 123, 124, 125, 128, and 32b, from the University of 
Wisconsin. 

For soy bean: 504, Soy 14, from the University of Wisconsin. 

For lima bean; 602, from the University of Wisconsin; Rla; a pure strain 
from a commercial inoculant company. 

After the tests with these organisms had been carried on by the first worker 
(B), they were repeated a year or so later by R, with an entirely new set of phage 
filtrates developed independently from soil. After several repetitions of the 
cross-lysis tests, table 3 was prepared to summarize all the results. 

The most striking fact brought out by this table is that the clover, bean, and 
pea organisms in general cross-lyse, whereas there is only very occafflonal cross 
lysis between any of the other cross-inoculation groups. Cross lysis among all 
the strains of the clover-pea-bean group is not perfect; but it is clear from a 
glance at the table that in those instances in which any given phage filtrate has 
failed to lyse, one of the cultures is just as apt to occur with a culture isolated 
from the same legume as with one of the other legumes of the group. 

The bacteria from soy bean, lima bean, and miscellaneous legumes did not 
yield bacteriophage so readily — ^largely, it is thought, because organisms 
do not grow so well in the medium employed in this work. Such data as have 
been secured are included in the table; they are incomplete, but at least |^o indi- 
cate that none of these cultures are lysed by bactmophage from Ube clover, pea, 
bean, or alfalfa organisms. 
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What is the significance of these results? They do not necessarily mean that 
the clover-pea-bean group is all one species. What they do show is that es- 
sentially identical phage ^trates are produced from the 16 cultures studied that 
had been obtained from these three legumes. This certainly indicates that 
cultures from these legumes are very much more closely related to one another 
than they are to those from alfalfa, soy bean, and lima bean. This observation 
correlates nicely with results of morphological and cultural studies of the or- 
ganisms; it is well known to students of RMzobium that the pea, bean, and clover 
organisms are practically indistinguishable except by inoculation tests, and 
there is belief in some quarters that cross inoculation between these groups may 
be common. The alfalfa organism, on the other hand, has distinctive char- 
acteristics, other than its association with legumes, which allow it to be 
recognized. The soy bean and lima bean organisms are still different. 

This correlation, if further studies bear it out, may well be enough to show 
that the clovcr-pea-bean group represents one species; if so, one would have to 
recognize it by the oldest (and as it happens most appropriate) name, Rhizobium 
leguminosarum, and the names Rhizobium phaseoli and Rhizobium trifolii would 
have to be dropped. Whether or not such a regrouping of the organisms is 
justified, it is clear that the method of comparison employed in this paper is more 
promising than the conclusions of Laird (1933) indicated. 

One point of special interest brought out by these studies is that the bacterio- 
phage test correlates with the cross-inoculation grouping of the bacteria. The 
groups established arc larger than the cross-inoculation groups, but the lines of 
division brought out by the two sets of criteria arc parallel. This is the opposite 
from what has been found when efforts have been made to classify legume nodule 
bacteria by serological methods. The agglutination test, for instance, was found 
by Stevens (1923) to show from two to four agglutination groups in each of seven 
cross-inoculation groups which he studied. This fact seems to indicate that the 
groups established by means of bacteriophage are of more significance than those 
indicated by means of agglutination. 

SUMMABY 

In spite of the discouraging reports of previous investigators, an effort was made 
to employ the specificity of bacteriophage as a criterion in classifying legume 
nodule organisms .and certain other soil bacteria. It was found that by using 
methods of cultivating phage which have been proposed by Campbell and Hofer 
(1943), encouragmg results can be obtained. 

It was shown that phage filtrates, developed from each of six strains of Agro- 
bacterium radibbacter, were usually able to lyse completely all of the six strmns; 
whereas in the case of a seventh strain that evidently yielded a phage of lower 
potency, the phage filtrate gave variable results. These phage preparations 
practically never lysed cultures of any Rhizobium species or of the miscellaneous 
soU organisms stuped; the instances of such cross lysis were so few that it was 
easy to explmn them as probably due to contamination with some bacteriophage 
other than the type that had been sought. 
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Of fourteen cultures showing the type of morphology typical of Bacterium 
glMforme, six diowed almost perfect cross lysis with one another; the other eight 
cultures showed little cross lysis, several of them apparently developing their own 
specific type of bacteriophage. It happened that three of these six cultures were 
subcultures from one original strain, and these three did cross-lyse, a fact which 
indicates that the method is a fairly satisfactory means of showing identity of 
strains. These results indicate that there may be numerous species in soil 
showing the “globiformelike” morphology; a fact which seems to justify Loch- 
head in speaking of the "Bacterium gloUforme group.” 

Seven miscellaneous cultures of nonsporeformers from soil were studied, all of 
which showed the type of colony characteristic of Bacterium globiforme; one was 
a coccus, the others small short rods. The phage filtrates developed from these 
miscellaneous forms were capable of lysing only their homologous strains. The 
only exception to this was in the case of two subcultures from a single original 
isolate — another exception to prove the rule! From this it seemed evident that 
each of these isolations from soil represented a distinct species, although some of 
them were indistinguishable from one another by ordinary bacteriological tests. 

Thirty-three cultures of Rhizohium were studied, which belonged to six well- 
known cross-inoculation groups, as well as three cultures from three less common 
legumes. The study included six strains from clover, seven from pea, and four 
from bean, all of which showed almost complete cross lysis, without regard to 
which of the three legumes they were derived from; but so rarely did any of 
these phage filtrates lyse other legumes that when such activity was observed 
contamination of the phage was immediately suspected. Eight strains of the 
alfalfa organism were studied and found to show a h^d^ degree of cross lysis among 
themselves, but not with cultures from other legumes. In the case of soy bean 
and lima bean cultures, it proved more difficult to obtain potent bacteiiophage; 
but one race of phage active against each of these two species of Rkmbium 
was obtained, and neither of them proved able to lyse cultures from any type of 
legume other than that associated with the culture from which it was derived. 

These results indicate that the clover, pea, and bean organisms ail develop 
identical races of phage. Whether this means that they are all of one species is 
still an open question; but it must be remarked that cultures of these three cross- 
inoculation groups are well known to be almost identical in morphology and 
cultural characteristics. It is generally admitted by students of the group that 
these three are much more closely related to one another than to the alfalfa or- 
ganism or to those from soy bean or lima bean. Hence the results with bacterio- 
phage bear out previous findings obtained by other methods, whether or not they 
settle the question of specificity in this group. 

It is, therefore, concluded that the bacteriophage method for classifying closdy 
related types of bacteria has its value. Although, used alone, the meth^ prob- 
ably cannot s^arate one species from another, it isTaluabte as a supplmaentary 
test in cases of doubtful specificity. 
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It has been shown by the author (Knaysi, 1941) that the dimensions of cells 
measured on smears dried, fixed, and stained by the ordinary methods are con- 
siderably below those of cells in the living state and represent the dimensions of 
the shrunken protoplasm. More recently (Knaysi, 1944) the various methods 
of microscopic measurements were discussed, and it was concluded that values 
approaching true cell dimensions can be obtained either by measuring the living 
cells or in smears especially stained to show the cell wall. Measurements from 
electron micrographs were considered satisfactory when the cell wall is visible. 
It was also stated : “Figures obtained from negative smears are too high because 
they include also the slime layer usually surrounding the cell. In the case of 
capsulated organisms, the relative error may be tremendous. There is also an 
additional error due to the retraction, upon drying, of the colored film in which 
the bacteria are imbedded.” 

Working with Bacillus megatherium, Dubin and Sharp (1944) compared the 
dimensions of the same air-dried, unstained cells in photo and electron micro- 
graphs. They concluded: “Images in the electron micrographs indicate plainly 
the presence of two structures constituting the bacterial cell, an inner dense sub- 
stance and an outer less dense substance. This outer substance of the bacterial 

cell is invisible in the light micrographs There is no significant difference 

between measurements of the size of unstained bacteria dried in air and photo- 
graphed with the light microscope and measurements of the comparable portion 
(inner dense substance) of the identical bacteria later phottgraphed in the elec- 
tron microscope.” Dubin and Sharp noted the agreement l^tween their results 
and those of the author. However, their study of cell dimensions on negative 
preparations (Benian’s method) led them to the conclumon that they were “less 
than those of the total bacterial substance seen in the electron micrographs,” 
which is “not in agreement with Knaysi's observation that in negative-staining 
preparations the figures are even sli^tly higher than the true size because of the 
retracticm of the colloidal film upon drying.” 

This apparent disagreement between tlie results of Dubin and Sharp and those 
of the author made it desirable to remvestigate this elementary, but important, 
problem of bacterial morphology, the problem of correct measuring of cell 
dimensions. 


OBOANI8M8 AND METHODS 

The organisms studied were strain C 2 of BadUus myeoides and strain Ca of 
BaeiQm cereus previously classified in this laboratory by Lamanna (1940). We 
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prefened these two organisms to Bacillus megatherium, the cdUs of which have a 
tendency to curve or coil. 

Smears for cell waD and negative staining were prepared from the same sus- 
pension of cells in distilled water from a 6-hour-old culture on beef infusion agar 
slants at 33 C. Living cells were studied in microcultures of the same strains 
on the same medium; measurements were made on photomicrographs prepared 
as previously described (Knaysi, 1940). In view of the well-known wide varia- 
tion in cell length, only the width of the cells was measured. This dimensionis 
nearly the same for young cylindrical cells growing in nearly the same environ- 
ment (figures 1 and 6). The width at the median part of the photographic 
image of a given cell was measured with dividers, and the value in microns was 
obtained with the help of a scale similar to that previously used (Knaysi, 1929). 
In order to make this time-saving and very accurate scale better known, we are 
reproducing it, with directions for its use and construction, in figure 8. 

BBSUI/rs AND DISCUSSION 

The results of the present study are illustrated in figures 1-7. 

Living cells. The cells of figure 1 represent a microculture of Bacillus mycoides 
in the early stages of development. They are not all the progeny of a single 
cell and may be taken to represent what one may encounter in an actively grow- 
ing slant culture. Nevertheless, one can easily see that variations in width are 
relatively slight. Careful measurement of twenty cells similar to those of figure 
1 shows that, regardless of the errors of measurement, the width of the various 
cells falls within 1.13 and 1.20 m, with an average of 1.17 fi- Among the progeny 
of a single cell, the differences are even smaller; this is shown in figure 6 
for Bacillus cereus (see also Knaysi, 1941 , and plates III and IV, 1944), where the 
width may be considered constant and equal to 1.68 it- 

Cell wall method. Fig^ure 2 shows young cells of Bacillus mycoides stained by 
the author’s cell wall method (Knaysi, 1941). Measurement of 14 cells similar to 
those of figure 2 gave a range of 1.07 to 1.25 and an average of 1.16 m (compared 
with 1.17/1 for living cells) . The fluctuation here is 0.18 /i, about 2.5 times greater 
than that for the living cells. However, part of this fluctuation is undoubtedly 
due to the fact that the cells on a slant culture are not growing in as uniform an 
environment as that of a microscopic field of a plane microculture; furthermore, 
there are probably differences in the degree of shrinkage and dye adsorption be- 
tween different cells. It must also be emphasized that Hiose differences are 
brought out here by the accuracy of the methods of measurement and would 
probably pass unnoticed by the usual methods used by the bacteriologist. This 
method gives for BaciUm cereus (figure 7) a width of 1.6 it- 

Of interest is a comparison between figures 5 and 7. In both figures the 
cells came from the same suspension. The cells of figure 5, however, were stained 
with Meyer’s metliylene blue (air-dried and mounted in oil) and obviously cor- 
respond to the central, cylindrical mass of ^kmmken cytoplasm of figure 7. The 
width of this mass in figure 5 varies from 0.50 to 0.75 ft with an average of 0.61 it', 
it compares with the widtii of the central mass of figure 7 and amounts to about 



Fig. 1. Bacillus MYCoiDKii, Strain 

C'ClJs in a 3- io 4-hour'Old microculture at 31 to 32.5 C on meat infusion a^ar fpll 7), 
photographed in dark field. 

Fig. 2. Bacillus mycoidks, Strain Ca 

Cells from a 6-hour-old slant culture at 33 V on the medium: meat infusion (half concen- 
tration) -f 0.5^v tryptone 0.5% glucose -f 1.5*?<7 agar; pH 7. Cell wall method. Photo- 
graphed using Wratten filters B5S -f- E22. 

Fig. 3. Bacilli-s mvcoides 

Strain and culture as in figure 2. Negative preparation wdth water-soluble iiigrosine. 
Photographed using Wratten filter B58. 
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Fk; 4. Bacillus mycoiuks (Skb Caption for Figure 3; 

Fig. 5. Bactllfs cereus, Strain Cs 

Cecils from a 6-hour-ol(l slant culture in meat infusion agar (pH 7) at C. Stained with 
methylene blue and mounted in oil. Photographed using Wratten filter A25. 

Fig. 6. Bacillus cerei s, Strain (’» 

Cells in a 7-hour-ol(i culture at 31 to 32.5 ( - in meat infusion agar (pH 7). Photographed 
in dark field. 

Fig. 7. Bacillits cereus 

Strain and culture as in figure 5. Cell wall method. Photographed using Wratten 
filters B58 -h K22. 
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Fio. 8. In part I, Side AB =» DC of rectangle ABCD is equivalent to 10 Sides AD and 

BC are divided into 10 equal parts, and the points of division are joined by the perpendicu- 
lars a\ 6' . . . X* . The diagonal A(v, having a constant slope, intercepts on each of the 
perp end iculars a', 6', . . . t', two segments. The lower ones, included between this diagonal 
and AI), have vsdues respectively equivalent to 1, 2, ... 9 If now from each point of 
intersection a line is drawn parallel to AD, we would divide ABCD into 10 rectangles similar 
to AbcD in which the sides along AB and^p, such as A6 and Dc are each equivalent to 1 m- 
The diagonals of these rectangle, such as Ac, intercept on each of the perpendiculars a', 

. . . i\ two segments. In rectangle A6cD, the value of the lower one is, respectively 
equivalent to 0.1, 0.2, ... 0.9 /*. The homologous values for the rectangle immediately 
above are, 1.1, 1.2. . . . 1.9 m; for the third rectangle, these values are 2.1, 2.2, • • . 2.9 m* etc. 

In practice, only the diagonals of rectangles similar to AbcD are drawn by joining the 
numbered pointe of division of sid es AB and DC as follows : Point 0 (« A) on AB is joined 
to point 1 on bC; 1 on AB to 2 on DC, etc., as in part II of the figure. 

To find the value in m of a dimension measured with dividers, one point of the dividers is 
run along AD (part II) until the other point rests exactly on one of the diagonals. Assum- 
ing that, in an Instance, one point of the dividers was at 0.3 as the other point rested exactly 
at point p of the diagonal 2. 3, the value of the dimension would be equivalent to 2.3 m> 
For points between vertical lines, the values are estimated in centimicrons. 

The length of is obtained from the image of a stage micrometer photographed at the 
same magnification as the cells. The length of side AD is arbitrary but usually made equal 
to 10 cm. 





380 


OEOBOBS KNATSI 


0.38 of the total width of the cell as obtained from the cell wall method. Ibis 
ratio is much below the 2/3 ratio found by various investigators (see Knaysi, 
1938), and even further below the ratios obtained from electron micrographs 
(Knaysi, 1942; Dubin and Sharp, 1944). This is probably due chiefly to the 
extreme youth of the cells used in the present experiments, and possibly some- 
what to further shrinkage due to fixing by heat. 

Negative preparations. A glance at figures 3 and 4 reveals that negative 
preparations, even in the absence of a thick slime layer, are unsuitable for the 
study of form and size of the bacterial cell. In negative preparations, the dimen- 
sions of the cell vary inversely with the thickness of the dye film. Measurement 
of 85 cdls, in photomicrographs similar to those figures, shows cell widths ranging 
from 1.65 ;x in the thin places to 0.68 it in the thick places, with an average of 
1.1 It; this average is, indeed, slightly less than those given by the two other 
methods but its value varies with the proportion of cells measured in thin and 
thick places. A glance at plate III of Dubin and Sharp’s paper convinces one 
that these workers must have used mostly smears of sufficient thickness to 


TABLE 1 

Comparison between the valuee of cell width obtained bp different methods 


MXTHOD 

BACnXUS IfVCOIDES 

BACatVS CEBSDS 

Range 

Average 

Range 

Average 


M 

M 

M 

M 

Living cells in microcultures 

1.13 to 1.20 

1.17 

1.68^ 

1.68 

Cell wall method 

1,07 to 1.25 

1.16 

1.60* 

1.60 

Negative-staining method 

Staining with Meyer’s methylene blue . 

0,68 to 1.65 

1.10 

1 

1 

0.6 to 0.76 

0.61 


* Constant, or nearly so. 


cause reduction in cell size. Ccmsequently, the conclusion of Dubin and Sharp 
is correct for films exceeding a certain thickness, and our previous conclusion is 
correct for films below that critical value. Obviously, a method which depends 
on such an uncontrollable factor as the thickness of the dye film is not suitable 
for the study of size. 

In view of the relation between thickness of film and cell dimensions, with 
which we have been familiar for many years, it becomes difficult to see how the 
explanation given by Dubin and Sharp of the relation between cell and dye film 
could account for the observed facts. Those authors examined minute glass 
cylinders in a dilute solution of Congo red. They state: “It is seen at once that 
dye tends to pile up or to be concmtrated in the sulcus or an|d@ formed where the 
cylinder lies on the slide. Under these conditions the negatiVe image is bounded 
by dye lying beneath the actual cylinder and is therefore smaller than the cylin- 
der.” Although this concept is adequate to explmn reduction m size, it cannot 
explain the e:q>erimental fact, clearly illustrated in figures 3 and 4, that when the 
dye film is below a certain thickness the cells appear larger than Iheir true size. \j. 
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Our own conception based on the existence of a meniscus which retracts upon 
drying (Knaysi, 1944) accounts for both reduction and increase in the apparent 
dimensions of the cell. Evidently, the glass cylinder and the bacterial cell do 
not have an identical behavior with respect to Congo red films. 

SUMMARY 

A comparative study of the cell width of BaciUus mycoides and Bacillus cereus 
shows that the value obtained depends on the treatment of the cells measured. 
Measurements of the living cells in the medium in which they are growing agree 
with those made on similar cells stained by a method showing the cell wall. In 
stained smears where the cell wall is not visible, the cells appear much smaller 
than they really are and represent the shrunken masses of the cytoplasm. In 
negative-staining smears, the cells may appear larger or smaller than their real 
size depending on the thickness of the dye film surroimding the cells. Conse- 
quently, negative-staining smears are not suitable for the study of cell dimensions. 
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The problem of environmentally induced characters in bacteria is important 
both in theoretical and applied bacteriology. It is of special significance in 
chemotherapy, particularly as regards the development of sulfonamide and other 
drug-resistant forms. It is also of fundamental importance because of its bear- 
ing on microbic heredity. 

A vast amount of literature is available indicating that bacteria and related 
organisms can become adapted to a wide range of environmental conditions. It 
is well established that by gradual progressive cultivation of bacteria in media 
containing increasing amounts of a toxic substance, a tolerant or resistant strain 
can in most cases be produced. On the other hand very little information is 
available on some of the fundamental questions which this phenomenon of 
“adaptation” raises. Can single cell cultures, therefore genetically pure, become 
adapted to different environments merely by being subjected to them? If so, 
what are the limits of their adaptive powera? Are the induced characters per- 
manent and transmissible to subsequent generations, or are they of a temporary 
nature? What is the mecihanism of adaptation? Is it a result of the selection 
to certain individuals occurring in the population, or do the toxic substances 
act as a direct stimulus upon the hereditary material of the cell, causing a new 
character or characters to appear? 


HISTORICAL 


No references will be made to the literature dealing with induced characters 
other than that of resistance to drugs and toxic substances, since the experiments 
presented in this paper are limited to this particular phase. Much of the early 
work in this field consisted only of recording the adaptive phenomena. Danyz 
(1900) reported the development of a strain of BaciUus anthracis which would 
grow in solutions of arsenic five times as concentrated as that in which it 
would originally grow. Marks (191 0) published a similar finding with SedmoneUa 
paratyphi. 

JoUos (1913) working with paramecia, developed strains resistant to arsenic 
and noted that these resistant strains reverted to normal after varying lengths 
of time when cultivated in the absence of the drug. He suggested the term 
“Daurmodifikation” for these changes and stated that most bacterial variations 
are of this nature. Effront (1920) was able to develop a strain of beer yeast 
which possessed a tolerance to arsenic three limes that of normal strains. He 


Ridiet, Bachrach, and Cardot ( 1922 ) studied in some detail the acquired toler- 
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ance of lactic acid bacteria for certam metallic poisons. They noted several 
things; (1) the adaptation was specific; (2) the organisms sometimes underwent 
other changes; (3) acquired characters once established maintained themselves 
for a large number of generations. Cardot and Tangier (1923) reported work 
on the adaptation of lactic acid bacteria to potassium chloride. The modifica- 
tion produced was not specific since the resistant organisms also showed an 
increased resistance to other alkali and alkaline earth salts. The adaptation 
persisted through ^ousands of generations in a medium containing no potassium 
chloride. If the adapted and nonadapted strains were grown together in a 
medium without potassium chloride, the adapted strain was rapidly and com- 
pletely eliminated by the other, thus showing selection in living competition. 
Jungeblut (1923) performed experiments on rendering Vibrio dwlerae, Eberth^la 
typhosa, and Shigella dysenteriae resistant to mercuric chloride; pneumococci to 
optochin; hemolytic streptococci to revanol and trypaflavin; and staphylococci 
to metiiylene blue. In many cases the drug fastness was shown to be specific, 
but in a few cases “cross-fastness” was observed. The resistance to poisons was 
associated with an alteration in metabolism. 

Feirer, Header, and Leonard (1926) reported the development of drug-fast 
characters in strains of Escherichia coli and Aerohacter aerogenes. Using five 
germicides commonly used in the treatment of urinary infections, namely, mer- 
curochrome, formaldehyde, acriflavine, silver nitrate, and hexrylresorcinol, they 
observed that a high degree of resistance was developed toward all these drugs. 
The resistant form was shown to be specific. Header and Feirer (1926) in a 
later report state that the resistant strains lost their resistance after five days of 
cultivation in media containing no toxic substance. The development of strains 
of bacteria resistant to lysozyme action was reported by Fleming and Allison 
(1927). The resistance to lysozyme action was not specific in that bacteria 
made resistant to one tissue was equally resistant to all ti.ssue8 and secretions. 
They also acquired resistance to the bactericidal power of the blood and to intra- 
cellular digestion by leucocytes. 

Kafpus (1930) reported the development of strains of Escherichia coli resistant 
to malachite green. A thousandfold increase in resistance was observed. He 
further stated that the ability of an organism to develop in the presence of a 
poison did not affect its resistance to the killing action of the poison. He pos- 
tulated that developmental resistance is obtained only if the bacteria are actively 
growing while under the effect of the disinfectant. Bacterial adaptation to 
acrifiavin was studied by Burke, Ulrich, and Hendrie (1928). Staphylococcus 
aUms showed increased tolerance for the antiseptic dye after 6 to 8 hours’ ex- 
posure. This adaptation was temporary and ^sappe.ared when the organism 
was grown on dye-free agar. The increased tolerance was partially specie but 
not entirely so. Burke and Ulrich (1928) also worked with the adaptation of 
Staphylococcus aureus to gentian violet. They considered the changes purdy 
an adaptation to a new environment and in no way associated with change in 
the life cycle, dissociation of strains, selection of variant, or mutations. 

In 1939 one of the first cases of “sulfonamide-fast” organisms was reporteJ 
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by MacLean, Rogers, and Fleming. They observed that pneumococci in an 
infected animal treated with 2-sulphanihyl-amino-pyridine can readily es^blish 
a tolerance to the drug. Following this report many instances of sulfonamide 
resistance have been observed and recorded. MacLeod and Daddi (1939) pro- 
duced a “sulfapyridine-fast” pneumococcus type I, by repeated transfers in 
broth containing increasing concentrations of the drug. The alteration was not 
associated with changes in morphology, virulence, or immunological character- 
istics. Doudoroff (1940) described the conditions under which adaptation of 
Eacherichia colt to sodium chloride takes place most readily and discussed the 
various conditions affecting adaptive processes. Harris and Kahn (1940), 
working with sulfonamide-resistant organisms, reported that in some organisms 
the resistance induced by one drug is carried over to related drugs, in others 
it is not. 

Lowell, Strauss, and Finland (1940) reported that strains of pneumococci 
initially susceptible to the bacteriostatic action of sulfapyridine, sulfathiazole, 
and sulfamcthylthiazole were made resistant by growth in media containing 
increasing concentrations of these drugs. Strains accustomed in this manner 
to one of the drugs, not only acquired resistance of a high degree to the action of 
the homologous drug, but also became resistant to the other two chemicals to 
approximately the same extent. Individual strains varied in the ease with 
which resistance was acquired. Mulder (1940) reported that sulfapyridine- 
resistant strains developed in vivo. Strauss, Pringle, and Finland (1941a, 1941b) 
reported the development of sulfonamide-resistant strains of Escherichia coli 
and Staphylococcus. That sulfonamide-resistant strains of pneumococci were 
as sensitive to the action of penicillin as was the non-“sulfa-fa8t” parent strain 
was reported by Powell and Jamieson (1942). Rammelkamp (1942) has noted 
increased resistance of Staphylococcus to tyrothricin. Vivino and Spink (1942), 
McKee and Rake (1942), and Cooper and Keller (1942) have all reported the 
development of resistance to sulfonamide by various bacteria. 

Schmidt, Sesler, and Dettwiler (1942) were able to develop one strain of type 1 
and two striuns of type III pneumococci highly resistant to sulfapyridine by serial 
passage through mice treated with less than curative doses of this drug. Re- 
sistance to the drug was retained by these strains for more than 200 passages 
through untreated mice. Sulfapyridine-resistant forms were also resistant to 
other sulfonamide derivatives. 

The preceding review, although not complete, is sufficient to show that further 
work on adaptive phenomena is necessary to answer the questions raised in the 
introduction. It was with these questions in mind that the experiments reported 
here were undertaken. 


MATERIALS AND METHODS 

Single cell cultures of Salmonetta puUorum, Eberthdia typhosa, and Salmonella 
adtotmUUeri were cultivated in plain broth cimtsdaing increasing conemtrations 
of sodium chloride, mercuric chloride, and copper sulphate until a marked toler- 
ance or reristanoe to a particular chemical was acquired. Following acquisition 
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of resistance to specific chemicals, single cell cultures were isolated, subcultures 
of which were transferred to media free of the chemical. These were then tested 
at approximately thirty-day intervals to determine whether the newly acquired 
character was transmitted to subsequent generations. Specificity of the re- 
sistance was determined by appropriate combinations of resistant strains and 
chemicals. Morphological and fermentative characters of the resistant strains 
were observed throughout the work. 

Owing to diflSculties encountered in the usual method of isolating single cells 
a modification was developed, which is similar to that used by a number of pre- 
vious investigators. By means of a Chambers micromanipulator and micro- 
pipettes a small drop of bacterial suspension was placed on the underside of a 
sterile coverslip mounted above a moist chamber. Instead of attempting to re- 
move drops containing single cells, the coverslips possessing such a drop were 
transferred to previously prepared moist chambers and incubated at 37 C for 
24 hours. After incubation the descendants of the single bacterium could easily 
be obtained with an ordinary inoculating needle. 

EXPERIMENTAL 

Adaptation to chemicals. Single cell cultures of Salmonella puUorum, Eberthella 
typhosa, and Salmonella schotmvUeri were transferred to a series of culture tubes 
containing graded amounts of the various chemicals. The inoculated tubes were 
incubated at 37 C for 7 days. Tubes showing no turbidity at the end of this 
period were regarded as being completely inhibited. The highest concentration 
of chemical permitting growth was thus obtained. Following this preliminary 
work, transplants from the single cell cultures were grown in media to which was 
added progressively increasing amounts of the various chemicals. Table 1 
shows the concentration of chemicals employed, the time requir<}d, and the 
ultimate degree of adaptation. It can be obser\'ed that in all cases a marked 
resistance to the chemicals employed was produced. Following adaptations to 
sodium chloride, the organisms were capable of giowiug in concentrations 2 to 
almost 3 times that which permitted growth of nonadapted cultures. In the 
case of copper sulfate a fivefold to sixfold increase in tolerance was noted, whereas 
the mercuric-chloride-resistant strains were able to develop in concentrations of 
mercuric chloride 6 to 12 times as great as that which permitted growth of the 
original cultures. Further training failed to yield strains of any greater re- 
sistance than those described above, although the final degree of resistance at- 
tained in all probability depends upon the particular species and chemicals 
employed. 

To show clearly the differences between the resistant and nonresistant strains, 
plate counts were made of the two strains following inoculation of both strains 
into media containing the highest concentration of chemical permitting growth 
d tile resistant strains. Table 2 gives the results obtained with the three strains 
of SalmoneUa puUorum. The other two species showed sinular results and are 
therefore not included in table form. The data indicates clearly that the non* 
adapted strains are completely inhibited by concentrations of the chemied 
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which permite growth of resistant stoains. The growth of the resistant strains, 
however, is somewhat retarded by the presence of the chemical, as can be readily 
seen by comparing the data of table 2 with that of table 3. In addition to show- 
ing the difference in rate of growth of resistant strains in the presence and ab- 
sence of chemical, tiie data in table 3 also indicate that there is no difference in 

TABLE 1 


Adaptaiion of Salmonella pullorum, Eberthella typhota, and Salmonella schotnvuUeri lo the 

pretence of variout chemicals 


OXQAKXSM 

CBXMXCAL 

HIGHEST COMCEMTXAnON OF 
CHEHICAL PElXaTTINO GIOWTH 

FEEIOD OF 


Before 

adaptation 

After 

adaptation 

AHAPTATIOH 

Salmonella pullorum 

NaCl 

3% 

8% 

days 

69 


CuSO, 

1-4000 

1-800 

84 


HgCl, 

1-300T 

1-25T 

101 

Eberthella iyphoea 

NaCl 

3% 

6% 

72 


CuSO« 

1-4000 

1-800 

82 


HgCl, 

1-300T 

1-60T 

82 

Salmonella echotmUlleri 

NaCl 

3% 

8% 

73 


CuS 04 

i 1-4000 

1-600 

84 


HgCl, 

1-300T 

1-25T 

72 


TABLE 2 

Comparison of the growth of resistant and nonresistant strains of Salmonella pullorum 


mnoES or bacteua nci imxnrnn (blate coont) 


AFTXK 

WOCULA- 

TXON 

Broth containing 

8% NaCl 

Broth containing 

Hga* 1-25,000 

Broth containing 

CuSOi 1-800 

Resistant 

Nonresistant 

Resistant 

Nonresistant 

Resistant 

Nonresistant 

0 

281 

2,500 

386 

896 

360 

410 

12 

720 

137 

1,267 

506 

450,000 

400 

24 

97,740 

270 

33,000,000 

291 

39,000,000 

300 

36 

21,000,000 

270 

166,000,000 

78 

172,000,000 

210 

48 

102,000,000 

80 

103,000,000 

0 

102,000,000 

160 

60 

23,000,000 

40 

48,000,000 

0 

46,000,000 

160 

72 

18,300,000 

23 

40,000,000 

0 

. 30,000,000 

120 


growtih rate of resistant and nonrealstant strs^ in plain broth. Thus the acqui- 
sition of resistance to any of tihe chemicals employed in no way affected the 
ability of the organisms to grow in the absence of the chemical to which they 
had become acclimated. This fact is of considerable importance when one at- 
tempts to study the heritability of these characters and ^ be mentioned again 
in a later section. 
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Spedfidty of rmOant ttraim. As was the case in the preceding section, only 
data for SaJmoneUa puUorum wUl be presented since results obtained with the 
olher two species are similar. To determine whether three different strains 
actually existed in regard to chemoresistance, the specificity of the reastant 
strains was studied. Table 4 presents the data obtained when the three recant 
strains of Salmonella jniUonm were introduced into media containing a chemical 
other than that to which they had been adapted. It is seen tiiat a strain re- 
sistant to one chemical is no more resistant to the inhibiting action of the other 
(hanicals employed than are the nontrained cultures. It can be assumed, 

TABLE 3 


Comparison of resistant and nonresistant strains of Salmonella pullorum in plain broth 


BOTTBS A7TE& 
XNOCUXJITION 

NONRESISTANT 

STRAIN 

NaCl-RESISTANT 

STRAIN 

HgCls-RSSISTANT 

STRAIN 

CoSOl-RXSISTANT 

STRAIN 


390 

310 

503 

430 

12 



623,000 

1,400,000 

24 




148,000,000 

36 




259,000,000 

48 




70,000,000 





56,000,000 

72 




33,000,000 


TABLE 4 

Specificity of Salmonella pullorum resistant strains 


BOURS 

ATTBR 

INOCB- 

LAIZON 

NaCl-RESISTANT STRAIN 

U£RCURIC-<mORIDE-RRS13TAin: 

STRAIN 

COPFER>8ULPBATS'RX6t8TANT 

Broth + «% 
NaCl 

Broth 4- 
HgCls 
(1-25T) 


Broth 

Na®(S 

Broth + HgCli 
(1-2ST) 

Broth + 
C^SO« 
(1-800) 

Broth 

4-8% 

NaCl 

Broth + 
HfCIi 
(1-25T) 

Broth + CuSOt 
(1-800) 

0 

1,200 

1,400 




1,700 




12 

31,000,000 

700 





1,100 



24 

149,000,000 

400 

990 




960 

760 


36 

108,000,000 

100 








48 

96,000,000 

0 

910 

350 






60 

61,000,000 

0 

740 



860 




72 

33,000,000 

0 

810 



720 





therefore, that the changes recorded here are specific in nature and brought about 
in some manner by growing them in the presence of a particular chemical. It is 
probable, however, that the specificity of resistant strmns is determined by the 
manner in which the chemical acts to inhibit growth. This view is supported by 
experimental evidence in the case of sulfonamide-fast oi^nisms which are 
resistmit to many sulfanilamide derivative! other than the (me employed in the 
develc^ment of the r^dstant strain. 

Inheritance of chemoresialance. The heritability of the newly acquired ret 
sistant characters was studied by isolating single cell cultures from fhe varioiis 
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resistant strains, testing these cultures for resistance, transferring them to plain 
broth, tmd at regular intervals of time determining their ability to grow in the 
presence of the particular chemical to which they had been originally adapted. 
This procedure made certain that a pure resistant culture was obtained, avoiding 
the presence of dormant nonresistant organisms in cultures on which heredity 
studies were to be made. 

Six single cell cultures were obtained from the salt-resistant strain and three 
from copper sulphate and mercuric chloride strains of Salmonella pullorum. 
Table 5 shows the results obtained with representative strains. After 18 months 
of propagation in plmn broth, during which time they had been transferred 55 
times, all single cell cultures of resistant strains retained their ability to grow in 
the presence of the chemical to which they had been adapted. Inasmuch as the 
18-month sojourn in plain broth would represent thousands of generations, there 
can be no doubt as to the inheritance of the resistant characters. 


TABLE 6 

Comparison of growth of resistant strains after 18 months’ propagation in plain broth and of 
nonresistant strains of Salmonella pullorum 


HOHES 

AFTEE 

INOCU- 

LATION 

SODIUM CHLOIIOE 8% 

VESCUKIC CHLORIDE 1-25T 

COPPER SULPHATE 1-800 

Non- 

resistant 

Resistant 

Non- 

resistant 

Resistant 

Non- 

resistant 

Resistant 

0 

60,000 

29,000 

3,000 

3,100 

3,500 

3,500 

12 

16,000 

18,000 

3,000 

101,000 

3,200 

350,000 

24 

10,001) 

30,000,000 

2,100 

42,000,000 

3,200 

36,000,000 

36 

6,000 

125,000,000 

700 

178,000,000 

i 2,900 

140,000,000 

48 

3,000 

41,000,000 

300 

115,000,000 

2,800 

86,000,000 

60 

1,500 

29,000,000 

0 

26,000,000 

2,600 

39,000,000 

72 

800 

16,000,000 

0 1 

29,000,000 ! 

2,000 i 

29,000,000 


In the case of Eberthella typhosa and Salmonella schotmvUeri plate counts were 
not made. It was simply noted whether growth occurred as judged by turbidity. 
Three single cell cultures of each of the resistant strains of these species were 
propoagated in plain broth for 9 months. During this time they had been 
transferred ninety times so that the actual number of generations involved is as 
large or larger than in the case of Salmonella pullorum. The results confirmed 
those obtained with the resistant strains of Salmonella pullorum in that all of the 
single cell resistant strains retained their resistance throughout the ninety trans- 
fers in plain broth. 

A factor which may have contributed to the success of the resistant cultures 
in maintAining their reedstance was the equal ability of the resistant strains 
to ccHupete with the nonresistant strains in plain broth. In instances where 
induced eharacters are reported to have been lost rather soon when removed 
from the presence of the inducing agent, too frequently this factor has not been 
cheeked. If an (Organism possessing a newly acquired dharacter, even though it 
were genetic in nature, is not able to (xnnpete on an equal baas with the origmal 
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organism, tiien even a low rate of reverse mutation would soon give rise to a 
population composed entirely of the original organisms due to selective action. 

Fermentative and morphological characters of the resistant strains. Only the 
fermentative characters of SalmoneUa puUorum were studied in sufficient detail 
to warrant any conclusion. The parent strain of Salmonella prdlorum coincided 
with the descriptions in Bergey’s manual in respect to its physiologicid char- 
acters. The resistant strains did not in any case differ. 

Nor was any marked change observed in cell morphology. In the case of the 
copper-sulphate -resistant strain of SalmoneUa puUorum, however, the cells were 
somewhat elongated. 

Mechanism of adaptation. Of theoretical interest is the question of how an or- 
ganism acquired resistance to growth-inhibiting action of various chemicals and 
drugs. Use of the single cell technique eliminated the possibility of resistant 
forms being present in the originai cultures, so it must be assumed that the new 
forms arose from the original strain in direct response to the action of the chemi- 
cal, or that they occurred spontaneously and that as a result of selective action 


TABLE 6 

Number of resistant forms obtained from normal populations 


OKGANISM 

NUMBEK OE COLONIES 
IN PLAIN AGAE 

NOMBSE or 
COLONIES IN 
NaCl AGAK 

NUMBER OF 
COLONIES IN 
HgCls AOAR 

NUMBER Of 
COLONIES IN 
CuSOt AGAR 

Salmonella puUorum 

800,000,000 

15 

21 

48 

Eberthella typhosa 

440,000,000 

61 


30 

Salmonella schotmvlleri 

480,000,000 

120 


29 


produced a resistant strain. In seeking to test the latter theory the following 
experiment was devised: 

Tests were made to ascertain the concentration of each of the chemicals in 
liquefiable solid media which prevented growth of the nonadapted strain, but 
which allowed the resistant strain to grow. This medium was then heavily 
seeded with the nonadapted strain. If the original population contained a small 
number of resistant individuals, they would develop in this medium to the ex- 
clusion of nonresistant forms. By appropriate dilutions and controls it was 
found that normal populations of bacteria did contain a few individuals which 
were able to grow when plated in agar containing the various chemicals. Table 6 
presents the results obtained in this phase of the study. The colonies which 
developed were transferred to broth contfffiiing the highest concentrations of 
chemical employed, where they grew without difficulty. Thus it was establiidied 
that in the population of a given species of bacteria Ibere ire individuid oeDs 
which possess resistance to a particular ch«nical|, and which by appn^rate 
technique can be isolated and a resistant culture obtained without a long period 
of tnuning. 

A posribility which should not be overlooked is that periiaps the resistant 
forms were not present as sudi in the original population, bqt that th^ wore 
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capable of responding to the action of the chemical. In other words, the heredi- 
■ tary mechanism of a few cells might have been susceptible to alteration by the 
chemical used. How this point can be settled is not apparent, since testing for 
chemoresistance necessitates placing the organism in contact with the chemical. 
The fact stiU remains, however, that certain cells differ in their reaction to the 
presence of chemical agents. It therefore is probable that adaptation of bacteria 
to various environmental conditions consists of selection of such individuals. 

DISCUSSION 

In view of the controversy as to the nature of bacterial variation it seems 
appropriate to consider the results obtained with reference to various theories. 
It is well known that variability of living organisms in general can be divided into 
two distinct components: the nonheritable modifications and the heritable varia- 
tions. Almost all cases of well-analyzed hereditary differences between indi- 
viduals have proved to depend upon combinations of Mendelian “unit char- 
acters,” and it is known that all segregating unit differences are due, in respect 
to their origins, to mutations. It can thus be said that mutations and their 
combinations constitute the basis of almost all analyzable hereditary differences. 

A mutation may be defined as a change in heritable characters, leading from 
one more or less stable condition to another. They are known to occur spon- 
taneously, i.e., without application of any special mutation-inducing factors in 
ail species of plants and animals thus far analyzed in this respect. There is 
therefore good reason to believe that spontaneous mutation is a general char- 
acteristic of all living things. Furthermore, extensive observations of the muta- 
tion process in plants and animals have shown that all known t3n[>e8 of morpho- 
logical and physiological character changes can be produced by mutations. 
Mutant characters vary from ones so slight that they can be detected only by 
means of special methods. up to changes so profound that they may produce 
death or serious pathological symptoms. 

Differences in mutation rates of different genes are far greater than can be 
accounted for by chance, indicating that certain genes are more susceptible to 
change than others. This fact may account for the ease with which bacterial 
cultures develop resistance to certmn drugs as compared to other drugs. The 
same is taiie of reverse mutations; certain mutant genes have never been observed 
to revert, whereas, on the other hand, some mutate with equal frequency in 
either direction. It is also known that mutation rates may differ in different 
struns of the same qiecies. 

The bacterial variations reported in this paper are best explained by aasunung 
that they are mutations. The specificity and retention of their chemoresistance 
support this theory. It seems unlikely that they represent phases in the life 
cycle, in view of their permanency. Furthermore, the large number of drugs 
to which a species has been reported resistant, to say nothing of other types of 
variation, would make tiie number of phases in the life cycle so numerous that 
this theory becomes untenable. 

< 
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StJMMABY AND CONCLUSIONS 

Single cell cultiires of Salmonella puUorum, EbertheUa typhoea^ and Salmmella 
schotmUlleri were able to adapt themselves to concentrations of sodium chloride, 
mercuric chloride, and copper sulphate considerably higher than those required 
to inhibit growth of nonadapted strains. 

The resistant strains were specific in their ability to overcome the growth- 
inhibiting properties of each chemical. 

Single cell cultures of resistant strains retained their resistance for long periods 
of time and through numerous transfers. Their permanency and specificity sug- 
gest a change in hereditary constitution; thus are probably mutations. 

Experiments showed that populations of the bacteria studied contain a few 
individuals which possess the ability to withstand the action of the chemicals 
employed without previous contact with the chemical. 

In view of the hereditary nature of the changes and their specificity it seems 
logical to classify them as mutations. Furthermore, the fact that these resist- 
ant forms are found in small numbers in normal populations lends further sup- 
port to this idea. It may be concluded that the adaptation of strains of bacteria 
to certain adverse environmental conditions probably consists of selecting from 
the population mutants which possess this resistant character, thus giving rise 
to a strain composed entirely of resistant individuals. 
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When large numbers of siasays foi' antibiotics, such tis p((nicillin, aie to be con- 
(luctwl by the cylinder plate method (Abraham ct at., 1941 ; Schmidt and Moyer, 
1944), the time consumed in performing certain of the numerous routine op<^ra- 
tions, such as placing the cylinders in the projx'r position on the test plates, 
comprist's an appreciable portion of the working day. The authors have con- 
structed and usikI a simple device which greatly speeds up this operation and 
places cylinder in exactl)' reproducible patterns on the agar plates; this device 
is descrilM'd here in the hope that it will lie found useful by other workers engaged 
in .such work. The apparatus, which is shown in figun* 1 , operates in the follow- 
ing manner; 

A jietri dish containing agar whi<4i has been inoculated with the test organism, 
such as Staphylococcus aureus or Bacillus suhlitis, is plac.e«l in a closely fitting 
depression on a vertically movable wooden platform (jilate holder) which is 
pivotwl at. the end distant from the handle. The petri dish is thus bro\ight. into 
a position about one inch below the live glass d('li\ ery tubes. The plate holder 
is lifted by means of the handle until it is stopiJe<l by tlu; adjustable locked nuts 
which are visible at the left of the pH'tii dish in figures 1 and 2. .\s it rises, the. 
|)late holder, operating through a metal lever arm, causes the cylinder-release 
nu'chani.sm to discharge one cylinder within each tif live troughs and, simul- 
taneously, to bear against and to retain the adjaci'iit cylinder in each trough. 
'I'he five released cylinders each slide into the five gla^s delivery tubes, which are 
ai’ranged to convey the respective' cylinders to the five predetermined loci on 
the agar plate. The ends of the glass delivery tubes are approximately \ inch 
above the agar when the cylinders are deliveictl. The cylinders used in this 
device may be of glass (8 mm 0.1). x 10 mm) or aluminum (-{Y' O IL x 0.394"). 
'I'Ik! wall thickness of the glass or aluminum tubing is about 1 mm. 

When the plate holder containing the now loaded petri dish is lowered, the 
piessuie of the spring locks against the bottom cylinder in the respective troughs 
is releaseid, and the columns of cylinders descend a distance etiuix'alent to the 
h'nglli of one cylinder; the five cylindci’s which are to bo placed on the next dish 
ait! then brought into the proper position for release when the jilate holder is 
again raised. 

The intHihanlsm by which the columns of cylinders are retained during the 
mlease of the five cylinders is shown in figures 2, 3, and 4. Small brass bolts, 

‘ One of the laboratories of the Rurenu of .Agricultural and Iiulustrial (4icmistr.v. Agri- 
cultural Research Administration, U. S. Department of .Agriculture. 
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with flat heads | inch in diameter, are fitted with coil springs and held to the 
assembly plate by means of brass mits. The pressure exerted against tlu; re- 
tained cylinders is that exerted by the springs. 



Fui. 1. (^YI.INDKR-PI.UTNO DkVICE 


I'igure 3 shows the shortr metal tips at the lower end of the release mechanism 
that hold the five cylinders in the release chamber until the releasi^ mechanism is 
trippiid. Figure 4 shows the apparatus at the moment of release of the cylindi^rs, 
which may be seen descending through the glass tubes. It will be noted that 
the cylinders which are to Iw released during the next cycle are still retaineKl by 
the spring-stop mechanism; they will fall to the next position (retention by the 
metal tips) when the plate holder is lowered. 
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The apparatus is separable at a position just above the release mechanism, 
and an empty magazine nia.y be removed and replaced with a loaded, sterile unit 




Fig. 2. (Top.) View of Cyunder-Helease Mechanism, Showing Spring Retainers 
Fig. 3. (Lower left.) View" of Cylinder-Release Mechanism, Show"ing Retaining Tips 
Fig. 4. (Low^er right.) View^ of Device in Operation, Show"ing ('ylinders Descending 
Glass Ti:bes and Being Place'd on Agar Surface 

(figure 5). Until the magazine is mounted and ready for operation, the cylin- 
ders contained in it are held in the troughs by an endgate, which is shown in the 
closed position in figure 6 and in the open position in figure 7. 
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The magazine is attac^hed to the apparatus hy means of two small clips or 
prongs which fit snugly over the two sides of the l)lock holding the (cylinder- 





Fig. 5. (Top.) Loaded Magazine, Endgate Closed 
Fig. 6.^(Lovver right.) End of Magazine, Showing Endgate in Closed Position 
Fig. 7. (Lower loft.) End of Magazine, Showing Endgate in Open Position 


release mechanism. These prongs are shown at the right end of the magazine 
in figui*es 6 and 7. The upper end of the magazine is prevented from moving 
laterally by two wooden strips which are attached to the sides of the vertical 
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supporting member of the framework. Before use, the loaded magazmes are 
sterilized for approximately one hour at 170 C. Under the working conditions 
of this laboratory, we have foimd it unnecessary to sterilize the release mecha> 
nism and glass tubes. 

In figure 8 are shown details of each part and views of the assembled device. 
The main framework and the plate holder of the imit constructed and used by 
the authors are made of wood. The cylinder-delivery tubes are pyrex glass, 
9 mm inside diameter, and are held firmly in place by a rubber gasket beneatii 
the rectangular brass plate which is adjusted by four screws (figure 3). The 
magazines and the trough imit conducting the cylinders to the glass delivery 
tubes are fabricated from aluminum blocks, the trou^ being machined out. 
The trough unit and attached cylinder-release mechanism are secured to the 
wooden framework by a clamp, which is visible in figure 2. 

The cylinder-release mechanism, comprising the screws, springs, and retaining 
tips, is made of brass, as is also the lever arm operating between the plate 
holder and the cylinder-release mechanism. Variation in the movement of the 
cylinder-release mechanism may be obtained by changing the point of attach- 
ment of the lever arm to the plate holder. 

It has been observed that one person, using this device, can place cylinders 
on about 12 plates per minute. Three or four skilled operators are required to 
handle plates at the same rate if the cylinders are individually placed by means 
of tweezers. This apparatus has a further advantage in that the cylinders fall 
upon the agar with approximately the same force and at the proper angle, thus 
reducing the number of leaky and otherwise improperly placed cylinders. 

The authors gratefully acknowledge the assistance of Mr. A. F. Fitton of this 
laboratory, who did the necessary machine work and also made many helpful 
suggestions regarding details of construction of the apparatus. 
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A chemically defined medium capable of supporting the growth of pneumo- 
coccus would be of value in studies on the metabolism and sulfonamide resistance 
of strains of this organism and would simplify the isolation of metabolic products. 
Before a medium may be considered to satisfy the nutritional requirements of a 
microorganism it must meet two qualifications — ^it must permit a heavy growth 
of the organism starting with a reasonably small inoculum, and it must permit 
unlimited subculture of the organism. 

Rane and Subbarow (1940) have developed a gelatine hydrolysate medium 
which supported growth of four strains of pneumococcus, but failed to permit 
growth of a fifth strain, and no report of subculture on this medium was made. 
Cohen, Halbert, and Perkins (1942) reported poor growth and “failure of growth 
in successive transplants” on the medium of Rane and Subbarow. In our own 
experience none of ten strains tried would grow on subculture in this medium. 
Rane and Subbarow demonstrated the essentiality of pantothenic acid, nicotinic 
acid, and choline for the strains they tested. A mixture of known amino acids 
could replace the gelatine hydrolysate as a medium for three of the strams but 
not for the fourth. Asparagine was included in the amino acid mixture but was 
not added to the gelatine hydrolysate. Glutamic acid was added to both media. 
This addition is of interest in view of the observation of Fildes and Gladstone 
(1939) that in the absence of glutanune, growth of a strain of pneumococcus 
was greatly delayed or failed completely, whereas with glutamine growth oc- 
curred overnight. They noted that glutamine could be replaced by a high con- 
centration of glutamic acid. Bohonos and Subbarow (1943) recently demon- 
strated that pneumococcus requires biotin for growth, a fact predicted by Landy 
et al. (1942) from observations on a single strain. Bohonos and Subbarow used 
an acid hydrolysate of casein supplemented with, among other substances, 
glutamine, choline, and asparagine. They noted difficulty in the subculture of 
certain strems on this meffium. 

Badger (1944) also fotmd tire medium of Rane and Subbarow to be inadequate 
for several stndns of pneumococcus, and in investigating the nutritional require- 
noents ot a strain of pneumococcus type III developed a medium amilar to that 
of Bohonos and Subbarow «md similar in most respects to media developed for 
the cultivati(Bi of group A hemolytic streptococci by Bemheimer et al. (1942) 
and by Woolley (1941). 

All at tirese me^ for pneumococcus contain a reducing agent such as ascorbic 
acid CBadger, 1944), at thio^ycollic add (Bemheimer et al., 1942), in accordance 
witii tire finding” d Dubos (1929) that a lowered redox potential is essential for 
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the initiation of growth of the pneumococcus. None of these media for pneumo- 
coccus contains added COa despite the findings of Kempner and Schlayer (1942) 
that the lag phase in the growth of pneumococci is an inverse function of the 
COa concentration in the medium, being infinite at concentrations below 0.1 
per cent. The observation of Badger (1944) that the ''ageing of the basal 
medium (for two days in the refrigerator) shortened the lag period considerably” 
is undoubtedly explained by the solution of COa from the air during this “ageing.” 

EXPERIMENTAD 

Medium. Since the medium of Rane and Subbarow (1940) proved to be 
unsuitable for the cultivation of our strains of pneumococcus, we turned to the 
medium of Bemheimer et cd. (1942), designed for the growth of the C203S stnun 
of hemolytic streptococcus group A. This medium was prepared using an acid 
hydrolysate of Harris’ vitamin-free casein as a base in place of the acid di^t of 
technical casein used for streptococcus. This medium failed to support growth 
of pneumococcus, but on addition of all the usual growth factors growth was 
obtained, and by a process of elimination the essential factors missing from the 
C203S medium were found to be choline and asparagine. The essentiality of 
choline has been demonstrated both by Badger and by Rane and Subbarow, but 
the essentiality of asparagine for pneumococci has not been demonstrated, al- 
though it was included in the media both of Badger and of Bohonos and Sub- 
barow. Apparently not all strains of pneumococcus require asparagine as well 
as glutamine. The complete medium is described in detail in table 1 and will 
hereafter be referred to as the pneumococcus medium. 

Inoculum. Eight-hour cultures of pneumococci in beef heart infusion broth 
were centrifuged and resuspended in sterile saline. Each 10-ml tube of the 
pneumococcus medium was inoculated with one loopful of washed organisms, 
and at the same time a tube of neopeptone broth received an identical inoculum 
as a control on the viability of the seeding culture. The inoculum for serial 
subcultures in the pneumococcus medium was one loopful of unwashed culture. 
Broth controls were set up simultaneously using an inoculum of the same size. 

Test o/ Medium. Ten strains of pneumococci were tested on the casein 
hydrolysate medium of Bemheimer et al. (1942), made up as above, but lacking 
choline and asparagine. Growth was absent or scanty on first inoculation in 
the medium, and no strain grew on second transfer. However, on the addition 
of as little as 0.1 ml of meat infusion neopeptone broth to 10 ml of the casein 
hydrolysate medium fair growth was obtained, and with 1 ml, excellent growth. 
This would indicate that failure of growth in the medium of Bemheimer el cd. 
is due to lack of some nutrient rather than to the presence of a toxic component 
which might render it an unsuitable pablum for pneumococcus. According, 
a “rfiotgun” mixture of amino acids and growth factora consistii^ of glutathione, 
methionine, norleucine, hydroxy proline, beta alanine, threonine, pimelic acid, 
inositol, folic acid, sodium oleate, asparagine, choline, and p-aminobenzoic acid 
was added to the Bemheimer medium, and fairly good growth of pnmunocoocus 
occurred. 



TABLE 1 

The pneumococcus medium 

Basal Medium — for one liter of medium 

Acid hydrolysate of casein 

Z-Cystine 

Z-Tryptophane 

ECl 

Na,HP 04 • i2H,o* 

MgS04-7H,0 

Distilled water to make 


200 ml of 10% solution 
150 mg 
20 mg 
3 gm 
7.5 gm 
0.5 gm 
900 ml 


Adjust pH to 7.5, heat to boiling, filter, and tube in 9 ml amounts or appropriate multiple* 
Autoclave. 


SoltUion / — vitamin mixture for 12M liters 

Biotin 0.015 mg 

Nicotinic acid 16.0 mg 

Pyridoxine 15.0 mg 

Calcium pantothenate 60.0 mg 

Thiamine 15-0 mg 

Hibofiavin 7.0 mg 

Adenine sulfate 160.0 mg 

Uracil. 150.0 mg 

Dissolve in 100 ml of distilled water and sterilize by filtration. Store in refrigerator. 

Solution JI — salt mixture for SO liters 

FeS 04 -7H20 50 mg 

CuS 04 *5IL0 50 mg 

ZnS04 *71180 50 mg 

MnCli-4H»0 20 mg 

HCl concentrated 1 ml 


Dissolve in 100 ml of distilled water and sterilize by boiling. 
Addition mixture per liter of medium 


Vitamin mixture (solution I) 8.0 ml 

Salt mixture (solution II) 2.0 ml 

Glucose (20% solution) 10.0 ml 

Glutamine 200 mg 

Asparagine 100 mg 

Choline 10 mg 

CaCl,*2HtO 10 mg 

Distilled water to make 50 ml 


Sterilize by filtration and store in refrigerator. Add 0.5 ml to each 9 ml of basal medium. 
This addition mixture should not be kept longer than a few weeks as the glutamine is 
unstable. Solutions 1 and II appear to keep indefinitely. 

Bicarbonate — Ihiofflttcollate mixture 
Thioglycolltc acid... 10% 

Add 1 ml of thioglycoUic acid to 9 ml of sterile distilled water, mix well and heat in boiling 
water bath for 10 minutes* 

Bicarbonate. Weigh 200 mg samples of sodium bicarbonate into test tubes and autoclave. 

Add 10 ml of sterile distilled water to a test tube containing bicarbonate and dissolve the 
latter. Then add 0.2 ml of 10% thioglycoUic acid and mix well immediately. Add 0.5 
ml of the mixture to each 9.5 ml of medium. This bicarbonate-thioglycollate mixture 
is unstable and must be made up and added to the medium Just prior to inoculati on. 
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The nonessential growth factors were excluded by a process of elimmation. 
The crucial experiment of the series is given in detail as follows: The medium was 
that of Bemheimer, to which had been added all the previously mentioned addi- 
tional growth factors except choline, asparagine, and PABA. The latter were 
added both singly and together. iTo control tubes, 0.1 ml of neopeptone broth 
was added instead of the three substances under test. All tubes were set up in 
duplicate. Visible growth was estimated roughly after 18 hours of incubation, 
and final pH was determined as an additional indication of growth. The test 
organism was a rough variant of pneumococcus type I. The inoculum was one 
loopful in 10 ml of medium, equivalent to approximately 10~* ml of whole 
culture. The results of these tests are given in table 2. 


TABLE 2 

Test for essentiality of choline, asparagine, and PABA 


NTTHBEK 

ADDITION 

VISIBLE OBOWTH 

FINAL pH 

1 

None 

0 

7.6 

la 

None 

0 

7.55 

2 

Infusion peptone broth, 0.1 ml 

+++ 

6.8 

2a 

Infusion peptone broth, 0.1 ml 

4-f 

6.9 

3 

Choline, one loopful of 0.1% solution 

+ 

7.2 

3a 

Choline, one loopful of 0.1% solution 

++ 

7.1 

4 

PABA, one loopful of 0.1% solution 

0 

7.5 

4a 

PABA, one loopful of 0.1% solution 

0 

7.6 

5 

Asparagine, 2 mg 

d= 

7.4 

5a 

Asparagine, 2 mg 

=k 

7.3 

6 

Choline, PABA, and asparagine 


6.8 

6a 

Choline, PABA, and asparagine 


6.6 


As shown m table 2, both asparagine and choline possess growth-promoting 
qualities for pneumococcus. PABA is inert in this respect. When all three 
substances were present growth was excellent. 

Further experiments eliminated PABA, the amino acids, and growth factors 
from consideration, indicating that with an inoculum of 10~* ml or larger, choline 
and asparagine are the only essential growth requirements for this strain of 
pneumococcus which are not present in the medium of Bernheimer et td. 

In order to rule out the possibility that the growth-promoting effect of aspara- 
gine might be due to some contaminating substance, the asparagine (cp) was 
twice recrystallised from water and on comparative titration proved sli^tiy 
more effective in promoting growth than the original material. The pneumo- 
coccus medium was \ised except that asparagine was added separately and the 
glucose concentration doubled to permit heavier growth and thus accentuate 
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any difference between cp and recrystallized aspara^e. The data are pre- 
sented in table 3. 

The results of the experiment outlined in table 3 indicate that for this strain 
of pneumococcus at least asparagine is an essential growth factor in a glutamine- 
containing medium. The strain used by Badger apparently required neither 
glutamine nor asparagine, but either substance shortened the lag phase and 
accelerated growth. 

The essentiality of glutamine was demonstrated for three freshly isolated 
straitis of pneumococci, types III, V, and IX. The medium used was the com- 
^plete medium described in table 1 but with glutamine omitted. The organisms 
were centrifuged, washed once in saline, and resuspended in saline to the original 
volume. After inoculation with 0.1 ml of washed culture into 10 ml of glutamine- 
free medium, types V and IX grew well in 16 hours whereas type III grew well 


TABLE 3 

Compariton of cp asparagine and twice recrysiaUized asparagine as growth factors for IR 

strain of pneumococctts* 


tubs: 

ADDITION 

VISIBUE OKOWTH 

FINAL pH 

1 

None 

4- 

6.8 

2 

None 

+ 

6.8 

3 

0.1 ml neopeptone broth 

++-t-+ 

5.2 

4 

0.1 ml neopeptone broth 

-f-f 

6.6 

5 

1 mg asparagine cp 

++++ 

6.1 

6 

1 mg asparagine (2X recrystallized) 


5.0 

7 

0.1 mg asparagine cp 

+-f++ 

5.26 

8 

0.1 mg asparagine (2X recrystallized) 


5.50 

9 

0.01 mg asparagine cp 

+4- 

6.3 

10 

0.01 mg asparagine (2X recrystallized) 

+-I- 

6.8 

11 

0.001 mg asparagine cp 

-1- 

6.9 

12 

0.001 mg asparagine (2X recrystallized) 

-f 

7.0 


* Tubes were seeded with one loopful of a broth culture of IR pneumococci which had 
been centrifuged and resuspended in saline to one-fifth the original volume. 


only after 48 hours. None of the three strains grew in subculture on the gluta- 
mine-free medium. In other experiments the lag period before initiation of 
growth was found to be a function of the size of the inoculum and the amount 
of glutamine in the medium, becoming infinite with small inocula and reduced 
amounts of glutamine. The limiting quantities in each case are a characteristic 
of the strain used. It is evident, however, from the work of Badger that one 
strain of pneumococcus at least can be carried for 20 transfers in a ^utamine- 
free medium. 

SubcuUurt in medium. The pneumococcus medium, using an acid hydrolysate 
of vitamin-free casein as a base, was tubed in 10 ml amounts. The culture was 
a mouse-viralmt strain of pneumococcus type I (SVI). Using an inoculum of 
0.1 ml, the culture was readily carried in duplicate through 9 transfers in the 
medium, full growth taking place after incubating for about 5 hours. Wi& an 
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inoculum of one loopful (10^ ml), both tubes in the duplicate series did not 
always show growth within 24 hours, but by the inoculation of two tubes from 
the tube in which growth had occmred after 24 hours, the culture was carried 
through 6 transfers in the medium. 

For many purposes a vitamin-free base is not necessary. Accordingly, the 
pneumococcus medium was prepared using a commercially available acid hy- 
drolysate of casein, “casamino acids” (Difco). On this medium two freshly 
isolated strains of pneumococci as well as an old laboratory strain were readily 
carried for 10 transfers, using 0.1 ml inoculum for each transfer in 10 ml of 
medium. In addition 23 other strains of pneumococci have been grown for one 
or more transfers in the medium. No attempt was made to carry these strains 
for many transfers. In fact, we have found only one strain of pneumococcus, 
a markedly degraded rough variant of t 3 T)e III (M3R), which did not grow well 
on this medium. Failure of this strain to grow indicates that a medium satis- 
factory for all strains of pneumococci is not yet available. 

Use of medium in investigations of sulfonamide resistance of pneumococci. As 
MacLeod (1940) has pointed out, it is most important in studying sulfonamide 
susceptibility of strains of pneumococci to employ a medium free of sulfonamide 
inhibitors. Meat infusion and the various peptones are heavily contaminated 
with inhibitors, and as a consequence routine bacteriological media are unsuited 
for this purpose. The pneumococcus medium, prepared with vitamin-free casein 
hydrolysate base, is inhibitor-free. Certain lots of casamino acids (Difco) were 
found to be very low in inhibitor, but other lots contained so much that they were 
unusable for studies of sulfonamide susceptibility. It might be well to note at 
this point that different lots of casamino acids vary greatly also in the content 
of lactic acid and fermentable carbohydrates. If these substances are to be 
avoided it is necessary to use specially purified casein for preparing the acid 
hydrolysate. 

Tillett, Cambier, and Harris (1943) used the pneumococcus medium, pre- 
pared with casamino acids low in inhibitor, in testing sulfonamide-fast strains 
of pneumococcus for their ability to synthesize sulfonamide inhibitors. They 
refer to it as the medium of Bemheimer et al. (1942). It should be noted that 
choline and asparagine were also present in the medium which they used. 

When testing for sulfonamide susceptibility or resistance by determining the 
ability of an organism to grow in various concentrations of sulfonamides, it is 
important that small inocula be used. With the pneumococcus medium, growth 
is uncertain and the lag phase long when inocula smaller than 10~* ml of whole 
culture are used. However, the addition of fresh rabbit serum, shown by 
MacLeod (1940) to be sulfonamide-inhibitor-free, makes it possible to initiate 
growth with inocula as small as 10“* ml of culture, containing 1 to 6 organisms, as 
determined by pour plates. The pneumococcus medium contmning casamino acids 
and enriched with 0.25 ml of rabbit serum per 10 ml was used to compare riie 
growth of a sulfonamide-susceptible strain, SVI, with a sulfonamide-reristant 
strain, P86, in the presence of various concentrations of sulfathiazole. Hw 
results of these tests are shown in table 4. 
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As shown in table 4, the sulfonamide-susceptible strain, SVI, grows poorly 
in m/16,000 and not at all in m/8000 sulfathiazole. The resistant strain, P86, 
however, grows well in m/1000 sulfathiazole. One sample of each culture was 
washed before dilution to remove sulfonamide inhibitors derived from the meat 
infusion peptone broth. Washed and unwashed cultures behaved identically 
in the test, as might be expected, since the inoculum was 2 X 10^ ml, too small 
a volume to contain significant amounts of inhibitor. 

Different lots of medium were tested directly for the presence of sulfonamide 
inhibitors by the method of MacLeod (1940). In this method, the effect of 
added substances suspected of containing inhibitors of sulfonamide bacteriostasis 
of Escherichia coli grown in a defined medium is determined. The pneumococcus 
medium made with one lot of casamino acids contained inhibitor equivalent to 
a 10^ M PABA solution, a negligible amount. As is noted above, some lots 


TABLE 4 

Growth of sulfonamide-susceptible and sulfonamtde-resistant strains of pneumococci in the 
preserve of various concentrations of sulfathiazole 


COHCEHTlAnoN OV SUUATRIAZOLI 


PNEtWOCOCCl 

M/1,000 

m/2.000 

m/4.000 

m/8.000 

m/16.000 

m/32.000 

m/64.000 

None 

SVI 

SVI washed cul- 

- 

- 

- 

- 

4-’+’ 

++++ 

++++ 

++++ 

ture 

- 

- 

- 

- 

4- 

++++ 

4-4-4-4- 

++++ 

P86 

P86 washed cul* 

++-1-1- 

++++ 


4-1- 4-4- 

-|-"+"4"-f- 

++++ 

•4'4-4'4“ 

++++ 

ture 

++++ 

4-4-++ 

++++ 

4- 4- 4- 4- 

4- 4-4- 4- 

++++ 

4- 4- 4- 4- 

++++ 


Medium; The pneumococcus medium enriched with 2.5% rabbit serum. 

Culture: An 18-hour broth culture diluted in the pneumococcus medium. Washed 

culture is the same culture centrifuged and resuspended to original volume 
in the pneumococcus medium and then diluted. 

Inoculum: 2 X 10^ ml per 10 ml of medium; with SVI, 300 organisms, and with P86, 
600 organisms by plate count. 

Incubation: 22 hours at 37 C. 


of casamino acids contain so much inhibitor as to be unusable for this purpose. 
Yitamin-free casein hydrolysates contain no detectable inhibitor. 

Use of medium for growth of hemolytic streptococcus. The medium of Bem- 
heimer et cd. (1942) was designed for growing the C203S strain of hemolytic 
streptococcus and appears to be a complete medium for this strain. In our 
hands, some freshly isolated group A strains grew well, whereas other strains 
failed to grow even in the medium supplemented with choline and asparagine. 
However, when the complete pneumococcus medium was supplemented with 
2.5 per cent rabbit serum, all strains of group A hemolirtic streptococci which 
were tested grew well from small inocula. Such an enriched medium has been 
used by Wil^n (1944) for investigations on the sulfonamide resistance of group A 
strains freshly isolated from individuals treated with sulfonamides prophylae- 
tically or therapeutically. 
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Use of the medium for massive growth of pneumococcus. Bemheimer et al. 
(1942) report the massive growth of several strains of group A hemolytic strepto- 
cocci on the medium devised by them. In an experiment based on this pro- 
cedure, massive growth of the SVI strain of pneumococcus type I was obtained 
using the medium of table 1 prepared with casamino acid base. To one liter of 
this medium and to one liter of meat infusion neopeptone broth as a control were 
added 5 mg of phenol red as an indicator. The flasks were inoculated with 5 ml 
of an 18-hour culture of pneumococci and incubated at 37 C. As soon as acid 
production became evident, as judged by a marked change in the indicator 



INCUBATION TIME IN HOURS 

Fio. 1. Amount of sodium hydroxide required to mmntain at pH 7.5 cultures of pneumo - 
cocci growing in infusion peptone broth and in the pneumococcus medium. 

color, additional glucose to a final concentration of 5 per cent was added to each 
flask. The pH was maintained at about 7.5 by frequent additions of 5n NaOH. 
In a period of 17 hours (figure 1) 75 ml of 5n NaOH were required to maintain 
the pH of the casamino acid medium, whereas only 50 ml of 5n NaOH were 
required for the broth control (figure 1). It is evident that the casamino add 
medium permits a heavier growth of pneumococci than does the broth. Accord- 
ing to Bemheimer et al., the C203S strdn of hemolytic streptococcus required 
about 50 ml of 5n NaOH per liter of mediiun when grown under dmilar condi- 
tions. Smears were made at the times indicated in the figure to determine the 



PAETULLY DEFINED MEDIUM FOE PNEUMOCOCCUS CULTIVATION 409 


degree of autolysis of the organisms in the two media. In general there was less 
autolysis in the casamino acid medium than in broth. If intact organisms are 
desired, smears should be stained at intervals during the course of growth so 
that the organisms can be harvested before autolysis has progressed too far. 
The pneumococcus medium, being free of nondialyzable substances, facilitates 
the isolation of such metabolic products as the capsular polysaccharides and 
bacterial enzymes. 


SUMMARY 

A medium is described which permits growth of most strains of pneumococcus 
in repeated subculture. The medium is completely dialyzable and can be pre- 
pared free of sulfonamide inhibitors. The utility of this medium for obtaining 
massive growth of pneumococcus and for studies on the sulfonamide resistance 
of pneumococcus and hemolytic streptococcus has been demonstrated. 
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PENICILLIN 
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In the bioassay of penicillin, inhibition of the growth of a penicillin-sensitive 
microorganism is usually taken as the criterion of potency, the comparison being 
made against a standard of known activity. During the past year, it has become 
apparent that the majority of penicillin samples are mixtures of at least two 
and sometimes three distinct chemical entities, each of which has its own spec- 
trum of biological activity against a variety of microorganisms. These three 
entities, which are known as penicillins F, G, and X in this country, and I, II, 
and III, respectively, in England, often occur in widely differing proportions in 
various samples. 

As one of the possible consequences of this situation, a given sample of peni- 
cillin vill exhibit different apparent potencies depending on the test organism 
used and on the composition of the standard penicillin with which comparison 
is being made. It is with the intention of assisting in the clarification of this 
problem that this note is being submitted. 

During recent months, all assays in this laboratory have been made against 
a standard consisting of pure sodium penicillin G. This compound has recently 
been chosen as the international standard, of which 0.6 itg corresponds to one 
international unit. With this salt as a standard, the pure sodium salts of 
penicillins F and X have been assayed against Staphylococcus aureus NRRL 
B-313 (FDA strain 209P), S. aureus NERL B-314 (Heatley strain), and Bacillus 
subtilis NRRL B-558 (both smooth and rough phases) by means of the cylinder- 
plate assay method. Typical results are shown in table 1. The data can be 
used to calculate the ratios of the activities of the various penicillins against 
the organisms in question: 



PENiamNr 

macxLUN X 

Activity vs. B. mbtilis (smooth) 

0.65 

0.95 

Activity vs. 8 . aureus (313) 

Activity vs. B. subtilis (rough) 

Activity vs. B. aureus (313) 

0.65 

1.42-2.00 


In view of these different ratios, when a given sample of penicillin is assayed 
against these three organisms, it is posable to draw tentative conclusions as 

' One of the laboratories of the Bureau of Agricultural and Industrial Chemistry, Agri- 
cultural Research Administration, U. S. Department of Agriculture. 
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TABLE 1 


ORGANISM 

PXNiCXLtIN 0 

PmciLLIM 7 

TXNIOLUNX 

NllRL B-313 

1667* 

units per mg 

1490 

845 

NllRL B-314 

1667* 

1440 

935 

NRRL B-558 (smooth phase) 

1667* 

970 

800 

NRRL B-558 (rough phase) . . 

1667* 

970 

1200-1700 


* By definition. 


to the proportions of the various penicillins present. Such conclusions involve 
the assumption that there are present no other substances possessing antibac- 
terial activity. If the rough phase of B. subtilis is used, each day’s inoculum 
must be standardized against a knowm pure penicillin X, since some variation 
in the sensitivity of this dissociated strain has been encountered, presumably 
because of variation in the degree of dissociation. In presenting these data, 
no claim is made that this method affords a precise means of analysis; it is 
believed, however, that results thus obtained are in most cases indicative of 
composition. 

These observations indicate clearly that assay values obtained when B. suhtUia 
is used as the sole test organism are valid only when the unknown and standard 
penicillins are comprised of the same proportions of the various chemical entities 
which are known to give the “penicillin” response. Moreover, the necessity of 
giving due consideration to the phase of the test organism is apparent. It is 
especially interesting that when an organism changes from the smooth to the 
rough phase, the response to one penicillin increases by almost 100 per cent, 
although the response to other penicillins remains constant. Aside from their 
bearing on the assay of penicillin, these findings suggest that an understanding 
of strain and phase susceptibiUty may be of fundamental significance in the 
clinical application of antibiotic compounds such as penicillin. 
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Unstable Strains op Escherichia coli- 
mutabile. Stephen Zamenhofy New York 
City. 

The author has isolated two unstable 
strains of Eechertchia columutabile which 
^^mutate'* to each other with a high fre- 
quency but without forming papillae. One 
of the strains is a slow lactose fermenter and 
forms long chains; the other behaves like 
typical Escherichia coli. Taking into con- 
sideration the effect of chain formation, the 
‘‘mutation** rate has been estimated at 1 per 
1,000 to 6,000 individual cell divisions (Rec. 
Gen. Soc. Am., 13, 41). 

Further study reveals also the nonheredi- 
tary variations such as mucus, capsule, and 
alkali formation, all induced by alkali pro- 
duced by the other cells; these variations are 
interwoven in a rather complicated pattern 
with the above-mentioned hereditary 
changes (“mutations**). 

A Specific Lytic Substance in Escheri- 
chia COLI. Stephen Zamenhofy New York 
City. 

The filtrates of cultures of a smooth strain 
of Escherichia coli (no. 4667, Am. Type Cul- 
ture Collection) contain a substance which 
lyses specifically the cells of another rough 
strain of E. coli (no. 4656), but is entirely 
harmless against any of several other tested 
strains of E. coli (both rough and smooth), 
or against staphylococci and gram-positive 
bacilli. Filtrates of the rough strain (no. 
4666), or of the several other rough and 
smooth strains of E. coli, are harmless 
against smooth strain no. 4657 and against 
several other smooth and rough strains of 
E, colL 

This specific lytic substance (SLS) is not a 
phage. Neither is it a speciffc polysac- 
charide. It is destroyed entirely by heating 
for 15 minutes at 81 C, is 99.9 per cent de- 


stroyed by 71 C for 15 minutes, and practi- 
cally not affected by 61 C for 1 hour. It is 
not destroyed by standing for 1 month at 
25 C. 

The action of the substance is not bac- 
teriostatic but bacteriolytic. The yield of 
SLS in 1 ml of 24-hour-old broth cultures of 
strain no. 4657 is potent enough to kill in 24 
hours an inoculum of 15,000 cells of strain 
no. 4656; inocula 50 times smaller are killed 
within 10 minutes. However, quantities of 
SLS 100 times larger are entirely harmless to 
any other rough or smooth strains of E, coliy 
staphylococci, or gram -positive bacilli. 
Such an absolute specificity of lytic action 
is not known in the bacterial products found 
hitherto, except for a case described by 
Gratia (1925). 

Bacteriological Study of Canned Evapo- 
rated Milk Implicated in an Out- 
break of Gastroenteritis. A . G, Osier y 
E, DiUony and L. Buchbindery Bureau of 
Laboratories, New York City Department 
of Health. 

From 43 cans of evaporated milk presum- 
ably concerned in an outbreak of acute food 
poisoning the following bacterial counts 
were obtained : greater than 100 per ml — ^24 
(12 cans showed no abnormality); greater 
than 1,000 per ml—14 (5 normal in appear- 
ance); greater than 1 million per ml-— 9 (2 
normal) . Abnormal-appearing cans showed 
leakage, swelling, or rusting, with accom- 
panying changes in appearance and odor of 
the milk. 

No ShigeHa, Sahnonellay ClostridiwUy or 
Staphylococcus aureus bacteria were iso- 
lated. 

Streptococcus faecaliswoB present in great- 
est number and in most of the cans, occur- 
ring in pure culture in some. A study of 49 
strains of this organism showed the follow- 
ing characteristics: gram-positive diplocoo- 
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CU8 or short«chained streptococcus produc- 
ing alpha type hemolysis on sheep blood 
agar; milk acidified and coagulated; good 
growth at 10 C and 45 C; growth in presence 
of 0.1 i>er cent methylene blue and in 6.5 per 
cent NaCl; gelatin not liquefied; not com- 
pletely destroyed by exposure to 60 C for 
30 minutes. Acid without gas is produced 
from mannitol, dextrin, arabinose, maltose, 
mannose, amygdalin, trehalose, fructose, 
galactose, lactose, salicin, sucrose, and glyc- 
erol. In glucose broth pH is lowered to 
about 4.6. Delayed fermentation of rham- 
nose may occur. No change in inulin, inosi- 
tol, dulcitol, adonitol, xylose, raffinose, 
erythritol, or sorbitol. 

The imputed relationship of this strepto- 
coccus to a food poisoning outbreak is of 
added interest because of the occasional 
presence of S. faecalis in pasteurized milk. 
The question is raised of its possible etio- 
logic r61e in food poisoning of ‘‘unknown’^ 
origin. 

The Destruction op Thermophilic Bac- 
teria BY Ultraviolet Rats. Louis 

Lang, National Sugar Refining Company. 

Work at the National Canners Laboratory 
showed the need for sugar free from thermo- 
philes, particularly for canning nonacid 
vegetables, that is, peas, corn, sweet pota- 
toes, etc. Sugar Refiners developed such 
sugar, meeting the exacting specifications of 
National Canners by ultra-filtration of the 
sugar liquors. With the advent of the ultra 
violet tube, producing a maximum radiation 
in the range of 2,537 A units, these lamps 
were tested . Experiments have proved that 
when sugar is placed in single layers, the 
thermophiles are destroyed by an instan- 
taneous exposure. Since thermophiles may 
be in the crystal as well as on the under side 
of the crystal, it is evident that this very 
short exposure penetrates the crystal. 

Apparatus has been designed for the appli- 
cation of this lamp to the sugar problem. 
In one case, a continuous belt with lamps at 
4-inch centers is used. In another installa- 
tion a 10-foot stainless steel slide with lamp 
mounted above is functioning perfectly. In 
still another case, a vibrating surface con- 
veyor transports the sugar from inlet to 
outlet. Above the conveyor are lamps at 4- 
ineh centers. These conveyors are satisfac- 


torily producing approximately one ton of 
sugar per hour, and this sugar meets the 
National Canners^ specifications. 

Quantitative Estimates of the Bacte- 
rial Flora of Enclosed Places in New 
York City. Leon Buchhinder, Mathilde 
Solowey, and Morris Solotorovsky, Bureau 
of Laboratories, New York City Depart- 
ment of Health. 

Approximately 5,000 samples of air in 
schools, subway cars, theaters, streets, and 
a park were taken during a period of one 
year to determine quantitatively the total 
bacterial flora. 

It was found that schools averaged more 
organisms per cubic foot of air than any of 
the other types of location studied. The 
latter can be arranged in decreasing order 
of magnitude as follows: subway cars, non- 
air-conditioned theaters, streets, air-condi- 
tioned theaters, and a park. Differences 
between the several types of locations are 
largely a matter of variation in dust and 
bacteria associated with dust, occupancy, 
and ventilation. 

Schools showed greater variation than did 
any of the other types of locations. These 
differences, in part at least, could be as- 
cribed to variability in their original con- 
struction. Variations in the counts were 
found in each of the schools according to 
whether a room was a classroom or an assem- 
bly room, occupied or vacant. 

When the subway car findings were di- 
vided arbitrarily into two groups, one high 
and one low according to the number of per- 
sons present, they showed differences which 
were fairly consistent throughout the year. 
Bacterial counts in subway cars also varied 
according to the hour of the day. These 
differences also seemed to be a measure of 
occupancy, both present and recent. 

A correlation in schools between the total 
bacterial counts and alpha hemolytic strep- 
tococcus counts is indicated, and it is sug- 
gested that the total bacterial count may be 
used as an indirect index of nasopharyngeal 
contamination in such places. 

Recent Applications of Bactebiolooical 
Control in the Food Industries. 
Daniel Melnick and Bernard L. Oeer, Food 
Research Laboratories. 
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During the past decade interest in bac> 
teriological control in the food industry has 
been stimulated by new food, drug, and cos- 
metic legislation, new processing methods 
and equipment, growth of the concept of 
quality control, the introduction of micro- 
biological assays for vitamins and amino 
acids, and finally the special needs created 
by the war. The recent expansion of plant 
inspection activities of the Food and Drug 
Administration and the opposing views re- 
garding a tolerance for filth were discussed. 
Among the processing operations receiving 
increased attention are sterilization and pas- 
teurization by flash heating and more re- 
cently by the application of high-frequency 
currents; ultraviolet irradiation for antira- 
chitic and bactericidal purposes; homogeni- 
zation; low-temr)erature freezing and stor- 
age; and improved methods and equipment. 
The advantages of specificity and of relative 
simplicity of microbiological assays were 
discussed, and the need for study of the opti- 
mum conditions for preparing extracts of 
foods for assay was emphasized. These 
advances in food technology and control, as 
well as the improved assay techniques, 
introduce problems which demand close co- 
ordination of bacteriology with other 
sciences, r)articularly biochemistry. 

The Cultivation of Streptococcus mitis 
(“Streptococcus viridans'*). Oeorge Hr 
Chapman, Clinical Research Laboratory, 
Streptococcus mitis grows more slowly and 
less luxuriantly in artificial culture media 
than do the other common streptococci of 
man. It is inhibited by sodium chloride in 
concentrations above 0.2 per cent and re- 
quires the phosphate ion as an essential 
metabolite. Ability to utilize nitrogenous 
cleavage products varies with the strain, 
best results being obtained with a mixture of 
tryptose, proteose peptone, and proteose 
no. 3 peptone* Azo N is utilized. The 
specific toxic antigen required for optimum 
stimulation of antibodies is produced much 
more plentifully in the presence of brain and 
heart infusion. The addition of * ‘vitamin B 
complex” does not accelerate growth when 
the requirements listed above are met* 
Some strains grow hardly at all in otherwise 
adequate mixtures, and the missing factor 
is being sought. 


Laboratory Procedure in the Diagnosis 
OP Gonococcal Infections. Alfred Cohn, 
Bureau of Laboratories, New York City 
Department of Health, 

The applicability and limitations of lab- 
oratory methods in the diagnosis of gonococ- 
cal infections were discussed with reference 
both to the clinical course of the disease and 
also to the laboratory facilities at present 
available. It is the chronic disease which 
presents a complicated picture. Cultures 
are much more reliable than smears for diag- 
nosis, but a negative diagnosis must be sub- 
stantiated by repeated cultures, as the 
possibility of a transitory latent infection 
must be considered. 

The sensitivity of the culture media em- 
ployed is not so great as would be desired. 
The basis for most gonococcus media is 
proteose peptone no. 3 Difeo agar; modifica- 
tions of this medium and various enrich- 
ments added to the basic media have im- 
proved its sensitivity for the growth of the 
gonococcus. The methods used for trans- 
portation of pus specimens were mentioned. 
The value of the gonococcus complement 
fixation w^as discussed. 

The entire subject of laboratory methods 
in the diagnosis of gonococcal infections is 
constantly under investigation, and im- 
provements in our methods will undoubt- 
edly be arrived at, especially because 
venereal disease research is urgently 
prompted by the present war conditions. 

Non-Acid-Fast Forms of Mycobacterium 
tuberculosis as Shown by a New Stain- 
ing Technic. Eleanor Alexander -Jack- 
son, Department of Public Health, Cornell 
University Medical College. 
Non-acid-fast forms of Mycobacterium 
tuberculosis have been variously interpreted 
as degenerative forms, filterable elements, 
artifacts, and young forms which have not 
yet developed acid fastness. 

Kahn’s demonstration that granule forms 
of M. tuberculosis could sprout or elongate 
into young rods which matured into classi- 
cal acid-fast tubercle bacilli was confirmed 
by the author. Unsatisfactory staining 
methods led to the author’s improved 
counter stain (Science, W, 307). After 
staining by the Ziehl-Neelson technique, 
and deooloiization with acid alcohol, this in- 
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volves flooding with Loeffler^s methylene 
blue, addition of a few drops of normal 
NaOH, washing, and brief application of 
sodium hydrosulfite as a bleach. The blue 
color is selectively removed from all of the 
smear except the non-acid-fast forms of M. 
tuberculosis. Other non -acid -fast organisms 
and tissue cells are then stained green. 

The triple stain revealed a hitherto un- 
demonstrated zoogleal form of the tubercle 
bacillus, which has been studied by moans 
of single-cell and electron microscopic 
methods (in press). 

The exact r61e of non-acid-fast forms of 
Af. tuberculosis in tuberculous infections 
remains to be determined, but may be sig- 
nificant. The triple stain should be of value 
in their study and in examination of clinical 
material showing few or no typical acid-fast 
rods. 

The Relationship op Sulfonamides to 

Penicillin Action. Gladys L. Hobby ^ 

Charles Pfizer and Co., and M. H, Dawson^ 

College of Physicians and Surgeons. 

In vitro experiments indicate that factors 
which determine the effect of sulfadiazine on 
penicillin action include the organisms in- 
volved, their number, environmental condi- 
tions, susceptibility to both penicillin and 
sulfadiazine, and the concentration of each 
bacteriostatic agent. 

In a concentration of penicillin producing 
little or no bacteriostasis, sulfadiazine in- 
creases bacteriostasis only if the organism is 
sulfadiazine-sensitive and present in small 
numbers. This bacteriostatic effect is pre- 
dominantly due to sulfadiazine. In concen- 
trations of penicillin producing a definite 
bactericidal effect during early incubation, 
but not complete sterilization, sulfadiazine 
is bacteriostatic only if the number of organ- 
isms present at the end of the sulfadiazine 
lag period is low and they are sensitive to 
this agent. An excess of penicillin acts 
rapidly during the first few hours of incuba- 
tion, and complete sterilization may result 
before the end of the sulfadiazine lag period. 
If sterilization is incomplete at the end of 
this lag period, sulfadiazine will decrease 
the rate of growth, provided the organism is 
sensitive to sulfadiazine and present in small 
numbers. Because penicillin acts predomi* 
nanity at the time of cell division, a de- 


creased rate of multiplication due to sulfa- 
diazine tends to decrease the rate at which 
penicillin acts. 

Determination of the enhancement of 
penicillin action by sulfadiazine in human 
infections must await the result of clinical 
trials. 

Interference Between Simian and Mu- 
rine Strains op Poliomyelitis Virus. 
Claus W. Jungeblutf College of Physicians 
and Surgeons. 

Bacteriological Studies in Endocar- 
ditis. Ward J, MacNeal and Anne Blev- 
ins. New York Post-Graduate Medical 
School and Hospital. 

Inflammations of the endocardium may 
be nonbacterial or bacterial. Expanding 
knowledge of anti-infectious agents has 
increased the hope of successful therapy of 
infections of the blood stream and of the 
endocardium, and has stimulated study of 
the bacteria concerned and their suscepti- 
bility to anti -infectious agents. 

Blood cultures should be repeated at least 
3 successive days in both liquid and solid 
media. Previous antibacterial therapy may 
require the addition of inactivating agents 
to the medium. Several subcultures are 
compared and tested for behavior toward 
anti-infectious agents 
From 36 patients with endocarditis the fol- 
lowing organisms were isolated during the 
past year: Streptococcus salivariuSj 13; 
Streptococcus equinuSy 7 ; Streptococcus faeca- 
liSf 6; Streptococcus hovis^ 3; viridans (un- 
specified), 2; micrococcus (unspecified), 2; 
Staphylococcus aureus^ 1; Actinomyces septi* 
cus (N.S.), 1; gram -negative rod (unidenti- 
fied), 1, This series is not considered 
representative. 

Streptococci of the salivarius, equinus, 
and bovis groups were generally susceptible 
to penicillin and resistant to bacteriophages. 
Those in the faecalis group were generally 
resistant to penicillin and susceptible to 
bacteriophages. The various bacteria ex- 
hibited marked differences in susceptibility 
to neoarsphenamine and sodium bismuth 
thioglyoollate. 

The possible development of drug fastness 
during therapy presents considerable diffi- 
culty and is not yet fully elucidated. 
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A Wartime Studt of Civilian Wounds. 

Ivan C, New York Medical College, 

Flower and Fifth Avenue Hospitals. 

This was a brief summary of certain obser- 
vations made under the Contaminated 
Wound Project of the Sub-committee on 
Surgical Infections of the Division of Medi- 
cal Sciences of the National Research 
Council. The work was done under a con- 
tract recommended by the Committee on 
Medical Research between the 0. S. R. D. 
and Columbia University. 

Complete clinical and laboratory observa- 
tions were made in nine eastern, southern, 
and midwestern hospitals on 2,493 cases of 
compound fractures, lacerations, and bums, 
emphasizing the bacteriology of such 
wounds and testing experimentally under 
controlled conditions the local and systemic 
use of certain sulfonamide drugs. 

A central laboratory was established to 
recheck all cultures difficult to identify, par- 
ticularly anaerobes, to type streptococci, 
and to study experimentally the efficacy of 
commercial gaseous gangrene serums. 


Many species of microorganisms, both 
aerobic and anaerobic, find their way into 
wounds. Many of these are nonpathogenic, 
but the pathogenic anaerobes are much more 
common in debrided tissues than the rela- 
tively small number of anaerobic infections 
under civil conditions indicates. There 
were only 8 cases of gaseous gangrene and 2 
of tetanus, but there were many infections 
attributable to streptococci and staphylo- 
cocci. 

The observations made in the clinical 
studies were unfavorable to the local use of 
sulfonamides in civil wounds. 

Seven commercial gaseous gangrene se- 
rums were shown to possess the indicated 
antibodies; all had highly prophylactic 
values in experimental guinea pig infections. 

Can Chemotherapy be Extended to In- 
clude Intracellular Parasites? 
Stuart Mudd^ University of Pennsylvania. 
This paper will appear in the Journal of 
Bacteriology as the Presidential Address. 




THE BIOCHEMICAL AND SEROLOGICAL RELATIONSHIPS OF THE 
ORGANISMS OF THE GENUS PROTEUS 

EGBERT RUSTIGIAN and C. A. STUART 
Biological Laboratory, Brown University, Providence, Rhode Island 

Received for publication December 11, 1944 

There has been marked confusion and disagreement in definitions and limita- 
tions of the genus Proteus since it was established by Hauser in 1885. Our 
review of the literature will be limited to those reports which contributed or 
should have contributed much to the modem concept of this genus. Hauser 
(1885) noted the swarming characteristics of these organisms and named two 
species Proteus vulgaris and Proteus mirabilis, the former liquefying gelatin 
rapidly and the latter more slowly. Theobald Smith (1893), who w'as the 
first to study the action of P. vulgaris in glucose, lactose, and sucrose, emphasized 
two important characteristics of this oi^anism. First, its powers of gas pro- 
duction were “peculiar” since a much smaller gas volume was formed in glucose 
in 24 hours by P. vulgaris than by “R. coli-conmunis.” His tables sliow P. 
vulgaris produced a gas volume in 24 hours of only 4 per cent, whereas several 
strains of “R. coli” isolated from different sources produced from 28 to 46 per 
cent volumes in the same time. Moreover, he showed that certain species now 
classed as Salmonella produced gas volumes comparable to Escherichia coli, 
whereas species of Aerobactcr yielded even greater volumes of gas. Second, 
he noted that the fermentative pow’ers of “R. coli-communis” differed from those 
of P. vulgaris in that the former produced acid and gas in glucose, lactose, and 
sucrose, whereas the latter failed to attack lactose. In 1894 Smith, finding 
that old Proteus cultures showed a diminished or complete loss of powder to 
liquefy gelatin, cited the fermentation of glucose and sucrose and the absence 
of lactose fermentation as a particular characteristic of Proteus organisms. 

Most unfortunately, subsequent investigators, almost without exception, 
established as a cardinal character of the genus Proteus the fermentative reaction 
recommended by Smith (1894) without, however, reference to the small gas 
volume produced by such organisms (Smith, 1893). In the present investiga- 
tion of 454 Proteus cultures studied in detaU and about 200 additional cultures 
differentiated routinely in this and neighboring laboratories, none has produced 
more than from a bubble to approximately 15 per cent gas in 48 hours in any 
fermentable carbohydrate. Shell vials, 7 mm in inside diameter by 28 mm long, 
were used in fermentation tubes. 

Wenner and Rettger (1919) studied 73 Proteus strains with a fairly wide 
range of biochemical reactions. Their cultures swarmed and liquefied gelatin. 
They pointed out, however, that the liquefying property of a culture might be 
entirely lost. The 73 cultures fermented glucose, sucrose, and occasionally 
maltose, but not lactose. All cultures produced hydrogen sulphide, and 69 
digested casein. No strain produced any pigm^t on agar. This work, which 
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was taken as a point of departure in the American system of classification, 
divided Proteus into two distinct groups. Strains attacking glucose, sucrose, 
and maltose readily were P, vulgaris, and those strains attacking glucose rapidly, 
sucrose slowly, and not fermenting maltose were called P. mirabilis. 

In 1927 Moltke made a com])rehensive study of 194 Proteus cultures. In 
addition to the characteristics established by Wenner and Rettger (1919), 
Moltke demonstrated that all his cultures attacked urea rapidly and many 
fermented salicin. It is curious that considerable controversy arose about the 
work of Wenner and Rettger (1919) and Moltke (1927) despite the fact that 
where the same tests were used, their results (except for indole production) 
agreed very closely.^ Taylor (1928) studied 53 Proteus cultures isolated prin- 
cipally from urinary and wound infections and feces. All cultures swanned, 
liquefied gelatin, and peptonized milk. Lactose and mannitol were not attacked 
by any culture. In glucose ‘^acid and a small quantity of gas were produced 
in 24 hours and no change occurred subsequently. This reaction wiis uniform 

^ Wenner and Rettger (1919) stated: ‘ W 73 strains studied, 25 showed an immediate and 
48 a delayed reaction (in sucrose) . In correlating these results with the action in other car- 
bohydrates, it soon became apparent that the strains which fermented sucrose readily also 
fermented maltose, while those which showed a delayed action on sucrose did not attack 
maltose.” The authors conclude their paper with the statement, “For the species 
fermenting this sugar (maltose) the name Proteus vulgaris is suggested ami for the 8i)ecie8 
failing to attack it the name Proteus mirahihsy 

In view of the foregoing quotations it is difficult to understand two statements made by 
Moltke (1927) in referring to the work of Wenner and Rettger (1919) : “Twenty-five (of the 
73) strains fermented maltose at once, none later on. It is not staled whether these 25 
strains are the same as those fermenting saccharose at once.” And, “In the maltose fer- 
mentation Wenner and Rettger sec a possibility of sub-grouping, but they do not attempt 
such.” 

Thirty -seven of Moltke’s 194 strains fermented maltose and 157 did not. The maltose- 
positive strains fermented sucrose rapidly and the maltose-negative ones slowly. In 
Moltke’s summary under “Fermentations by . . . ,” it is stated: “Their action 

on maltose divides the Proteus bacilli into two sharply distinguished fermentation groups. 

. . . The maltose fermenting strains ferment saccharose at once; the non-rnaltose ferment- 
ing strains ferment saccharose but slowly.” Nevertheless in Bergey et al. (5th ed., 19»39) 
and elsewhere is found, “However, Moltke . . . and others do not recognize this description 
(Wenner and Rettger's) and state that most Proteus vulgaris strains are maltose negative.” 
This, we believe, arose from a misinterpretation of Moltke's writing. The term **Bact. 
proteus vulgaris*^ appears in the title of Moltke 's paper and seldom thereafter. The term 
Proteus’* mirabilis appears only once and then in a direct reference to Hauser^s work. **Iiact. 
proteus and ^ ^Proteus bacilli” are used almost exclusively throughout the paper, giving us 
the impression that he considered **Bact. vulgaris” or the^* Proteus bacilli” as a group rather 
than a species. To assume, therefore, that the species P. vulgaris does not ordinarily fer- 
ment maltose because 157 of Moltke ^s 194 strains of Proteus bacilli did not ferment maltose 
does not seem to be what this author meant to imply. 

One reason is apparjent to explain Moltke's failure to support Wenner and Rotiger’s 
division of the genus into two groups according to the fermentation of sucrose and maltose. 
Wenner and Rettger (1919) found no correlation between fermentation reactions and indole 
production. Moltke, on the other hand, found almost perfect correlation between the two 
reactions. All but one of Moltke *s 37 maltose-positive strains (P. vulgaris) were indole- 
positive whereas the 157 maltose-negative strains (P. mirabilis) were indole-negative. The 
present investigation is in entire agreement with Moltke with respects to indole production. 
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in every strain.” Sucrose was fermented by the 53 cultures. In a majority 
of cases this reaction was delayed. Three cultures feiuiented maltose and these 
were the only indole-positive strains. Of Taylor’s 53 culture.s 3, or 5.7 per cent, 
were P. vulgaris, and 50, or 94.3 per cent, were P. mirabilis. The low ratio of 
P. vulgaris isolates to P. mirabilis isolates is a characteristic distribution of 
these two species. 

Rauss (1936) examined 48 cultures of Morgan’s bacillus no. 1 and concluded 
that this organism belonged to the genus Proteus. He found that such cultures 
swarmed under suitable conditions, formed indole, and fermented glucose 
consistently and sucrose occasionally. Both the American (Bergey et al., 5th 
ed.) and British (Topley and Wilson, 1936) systems classifj’ this organism as 
Proteus morganii. 

In 1904 Rettgcr isolated from chickens during a choleralike epidemic a pre- 
viously undescribed organism. Some years later this culture together with 
others was sent to Hadley who was working on the paratyphoid and related 
organisms (Rettger, personal communication). Hadley et al. (1918) named the 
unidentihed culture “Bacterium Rettgeri.” Since that time this organism has 
undergone the following taxonomic changes: Bacillus (St. John-Brooks and 
Rhodes, 1923), Ebcrthella (Bergey, 1st ed.), Shigella (Bergey, 5th ed.), and finally 
Proteus (Rustigian and Stuart, 1943a). Edwards (1942, personal communica- 
tion) found it to be motile. Rustigian and Stuart (1943a) confirmed the motility 
of this species; showed that it hj'drolyzed urea strongly and rapidly, and that 
some strains swarmed under suitable conditions; and proposed that the organism 
be classified as Proteus rettgeri. Even in this laboratorj', however, independently 
isolated strains of this organism were called “anaerogenic paracolon type 33111” 
(Stuart et al., 1943a), then “P. entericus" (Rustigian and Stuart, 1943b) before 
our strains finally were identified as P. rettgeri. 

Prior to the division of the genus Proteus into two species by Wenner and Ret- 
ger (1919) there was little agreement concerning the antigenic relationships 
among Proteus organisms. Some workers found that only the homologous 
strain agglutinated in an antiserum, whereas others found an antiserum ag- 
glutinated a number of heterologous strains to high titers. Wenner and Rettger 
showed that of 73 cultures of P. vulgaris and P. mirabilis only 19 failed to ag- 
glutinate in one or another of a total of 7 antiserums prepared against the two 
species. All except 1 antiserum agglutinated heterologous cultures. 

Moltke (1927) studied the H and O antigens of his cultures. By direct ag- 
glutination tests 3 main groups were established, whereas adsorption tests di\'ided 
the 3 groups into a number of subgroups. 'The nonswarming strains lacked H 
antigens and exhibited a variety of O antigens. Rauss (1936) found that the 
H antigens of P. morganii had group specific and the O antigens type specific 
tendencies. He established 7 different H and 17 different 0 antigens in his 
48 strains. An H antigen common to P. morganii and P. vulgaris was dis- 
covered. The first cultures of P. rettgeri studied showed marked serological 
homogeneity (Stuart, Wheeler, cf of., 1943, anaerogenic paracolon type 33111), 
but as more strains were studied antigenic heterogeneity was encountered. 
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Strains of this species were found which failed to agglutinate in an antiserum, 
but upon adsorption completely removed all agglutinins. Similar findings for 
other species of Proteus have been reported by Taylor (1928) and by Welch and 
Poole (1934). 

Sources of Cultures 

A total of 454 cultures of P. vulgaris, P. mirahilis, P. morganii, and P. rettgeri 
was studied. Of 69 P. vulgaris strains, 29 were isolated from feces, 0 from urine, 
2 from osteomyelitis cases, and 32 were received from stock cultures of many 
different laboratories. Of 205 P. mdrabilis strains, 118 were isolated from feces, 
32 from urine, 34 from such sources as ureter, blood, lung, kidney, bladder, 
chest fluid, ileum, peritoneum, intestinal mucosa, wounds, and burns, and 21 
were received from stock culture collections. One hundred and two P. morganii 
cultures were studied; 65 from feces, 7 from urine, 17 from such sources as 
stomach, kidney, scalp, and wounds, and 13 were obtained from culture collec- 
tions. Of 78 P. rettgeri strains, 77 were isolated from fecal specimens and one 
from blood. 

During the 4-year period of this investigation 190 cultures of P. vulgaris 
and P. mirahilis were isolated or received by us shortly after isolation from 
human sources. Of the 190 cultures, 14.3 per cent were P. vulgaris and 85.7 
per cent were P. mirahilis. The marked difference in the relative incidence of 
the two species agrees with Levdne (1942) and with Dammin and Belling (1942) 
who found that 85 to 90 per cent of the Proteus bacteria isolated from humans 
were P. mirahilis. 

To determine the frequency of Proteus in normal feces, 110 specimens were 
examined. Specimens were plated directly on eosin methylene blue (EMB) 
agar and on Salmonella and Shigella ((SS) agar, and also inoculated into either 
selenite or tetrathionate enrichment broth. After 24 to 36 hours’ incubation 
the enrichment broths were plated on EMB and SS agar. On direct plating 10 
per cent of the specimens yielded Proteus, 8.2 per cent P. mirahilis and 1.8 
per cent P. morganii. From preliminary enrichment broth 36.3 per cent of 
the specimens were positive; 23.6 per centP. mirahilis, 10 per cent P. morganii, 
and 2.7 per cent P. vulgaris, Hynes (1942) examined 353 fecal specimens from 
typhoid and paratyphoid patients. With direct plating on desoxycholate agar 
10 per cent of the specimens yielded Proteus, whereas with tetrathionate broth 
25 per cent were positive. 

Cultural Characteristics 

The 454 cultures of Proteus grew readily on standard agar and other mediums 
at 30 to 37 C. On EMB agar (1.3 per cent agar) P. vulgaris and P. mirahilis 
colonies possessed white, pink, or blue centers with the spreading growth a 
white to whitish blue color in 24 to 48 hours at 37 C. On SS agar (1.35 per 
cent agar) swarming was completely inhibited, even with moist surfaces. Well- 
isolated colonies of P. vulgaris and P. mirahilis had dark brown centers with white 
entire edges in 24 hours at 37 C. At 48 hours the centers became jet blacki 
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but some isolated colonies failed to develop black centers in 3 to 4 days. Where 
colonies were crowded, 3 to 4 days elapsed before an occasional colony developed 
black centers. A strong odor of hydrogen sulphide was noted upon removal 
of the plate covers, and the removal of black-centered colonies revealed a black 
precipitate in the medium. On EMB agar P. morganii and P. reUgeri failed 
to spread in 24 hours at 37 C, but after an additional 24 hours some P. morganii 
strains showed spreading. Both species on EMB agar produced white, pink, 
or blue colonies. On SS agar colonies were colorless and opaque, and showed 
no spreading. 

Almost witliout exception descriptions of the morphology of Proteus start 
with the phrase “highly pleomorphic rods.” Most authors, however, fail to 
point out that pleomorphisro in Proteus cultures is a transient characteristic 
and for the most part confined to actively swarming cultures. In smears from 
young cultures (5 to 7 hours’ incubation) and young colonies (10 to 12 hours) 
pleomorphism is marked, but smears from the same culture or colony after 24 
to 48 hours show little or no more morphological variation than comparable 
smears from the average coliform culture. On the other hand, smears, partic- 
ularly from the periphery, of young colonies of an occasional coliform or para- 
colon culture may show pleomorphism almost as marked as does Proteus. In 
using pleomorphism as a criterion of Proteus, the age, motility, and swarming 
characteristics of the culture in question should be carefulfy recorded. 

We have only one thing to add to the swarming characteristics of Proteus 
organisms as described by Hau.ser (1885), Moltke (1927), and others. On 
1 per cent agar slants with water of expression in the base of the tube, straight 
line inoculations of P. vulgaris, P. mirabilis, and P. morganii behave similarly 
at 25 C. Growth along the line of inoculation is first established, then lateral, 
straight, or curved branches spread over the surface; often these branches reach 
the edge of the slant before the interstices are filled in. In such cases the line 
of inoculation can be distinguished easily from the swarm portion of growth. 
Frequently, however, the swarm growth is so thin that a needle is required to 
detect its presence. With P. vulgaris and P. mirabilis, especially the former, 
as the concentration of agar increases, the character of swarming is not 
markedly altered until it ceases. W'’ith P. morganii, as the concentration of 
agar increases, lateral branchings decrease in length until they disappear. The 
culture may continue to spread in a continuous wave outward from the line of 
inoculation to cover the entire surface of the slant. As the wave spreads, 
growth thickens until it is diflScult to detect the line of inoculation. On very 
fresh 1 per cent agar slants a few strains of P. reUgeri show short lateral 
branches, but for the most part the culture spreads like P. morganii on 
higher concentrations of agar. On 1 per cent agar plates an occasional strain 
of P. reUgeri may swarm in a manner quite indistinguishable from P. vulgaris. 

It is evident that the swarming of P. vulgaris and the spreading of P. reUgeri 
are quite different processes, but that they have a common origin is shown by 
the following fact. In experiments involving the growth curve of P. vulgaris 
several nonmotile strains were used. Occasionally one colony on several plates 
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used for counts showed some evidence of spreading. From a well-defined center 
an even ring of grow^th extended outward for several millimeters. No branches 
were observed from the edge of the colony. Transplants from the edge of the 
colony to 1.2 per cent agar slants exhibited spreading as described for P. reitgeri. 
With subsequent transplants spreading either ceased or by a series of transitional 
stages progressed to the characteristic swarming of P. vulgaris. Of the 69 
P. vulgaris strains, 12, for the most part old stock cultures, w^ere nonmotile. 
Thre^ fresh isolates and one old stock culture were the only nonmotile strains 
of the 205 P. mirabilis strains studied. Of the 102 P. morganii strains, 2 fecal 
and 3 wound isolates were nonmotile. All P. reitgeri strains w^ere motile, but 
many strains received by us were labeled “nonmotile.” The motility of P. 
morganii^ and particularly P. reitgeri^ cultures is poor, or is completely inhibited, 
at 37 C. 


Biochemical Reactions 

As previous^ pointed out, the 454 Proteus cultures used in this investigation, 
and over 200 additional Proteus cultures routinely recorded in this and neigh- 
boring diagnostic laboratories, produced acid only or from a bubble to 15 per 
cent gas in Durham fermentation tubes with any fermentable carbohydrate in 
48 hours. With very few’ exceptions gas volumes were not appreciably increased 
on prolonged incubation. Of the 454 cultures studied in detail, only 3 strains 
of P. mirabilis produced as much as 20 to 30 per cent gas in sucrose in 3 to 5 
weeks. Hereafter “the production of acid and gas” or a “+ ” reaction of Proteus 
in any carbohydrate will signify slight gas production, a bubble to 15 per cent 
gas. Gas production, especially in cultures from stock collections, Is variable 
in sucrose, salicin, and maltose. 

Biochemical reactions, characteristic of the different species, are given in 
table 1 and will be discussed for each species. 

Proteus vulgaris. Of the 69 strains, 67 produced acid and gas in glucose in 
24 to 48 hours. Two cultures gave acid only in 24 hours and no gas in sub- 
sequent tests after prolonged incubation. All strains produced acid or acid and 
gas in sucrose and maltose in 24 to 48 hours, though on occasions the reaction, 
particularly in maltose, was weak. Twenty-seven strains fermented salicin 
rapidly (24 to 48 hours), and 6 strains slowly (7 to 21 days). One strain fer- 
mented lactose and mannitol slowly. All strains hydrolyzed urea in 8 to 12 
hours, produced hydrogen sulphide, and failed to produce acetylmethylcarbinol. 
Five failed to liquefy gelatin, 4 w^ere indole-negative, and 35 were citrate-positive. 

Recently isolated P. vulgaris strains differed considerably from those obtained 
from stock collections. Of 37 recent isolates, 4 per cent and, of 32 stock cultures, 
87.5 per cent produced acid only in one or more of the carbohydrates, sucrose, 
salicin, and maltose. Nine recent isolates fermented salicin (3 rapidly and 6 
slowly) for a total of 24.3 per cent, whereas 75 per cent of the stock cultures 
fermented salicin rapidly. Recent isolates liquefied gelatin in 1 to 3 days, 28 
stock strains from 7 to 24 days, and 4 such strains were negative after 2 months. 
One recent isolate and 3 stock strains were indole-negative. (Contrary to the 
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statement [Bergey et aL^ 5th ed.] that indole formation by P. vulgaris is slight, 
the positive strains gave an immediate and strong reaction with Kovac’s reagent.) 
Twenty-five of the 35 citrate-positive strains were from stock collections and 
5 of the 10 recent isolates required varying periods of time, to grow on the medium. 
One stock culture produced acid in lactose and mannitol. Welch and Poole 
(1934) reported a variant of an XI 9 strain which fermented lactose and mannitol. 

Proteus mirabilis. All 205 strains produced acid and gas rapidly in glucose. 
Acid or acid and gas was produced in sucrose slowly by 197 strains, and 19 of 
these strains also fermented salicin slowly. One otherwise normal strain pro- 
duced acid slowly in lactose, and another otherwise normal strain produced acid 
and gas in maltose. The type of growth of P. mirabilis in sucro.se broth fre- 


TABLE 1 

Biochemical reactions characteristic of the different species of the genus Proteus 



P. VU1.GAKXS i 

P. IcntABILlS 

P. MOXCANU 

P. XETTGEKI 

Strains studied 

69 

205 

102 

78 

Glucose ... 

•f 

4- 

4- 

A-H 

Lactose . 


— 

— 

— 

Sucrose . . - I 

4- 

4-8 

— 

As 

Salicin i 

-4- 

— 

— 

-A-F 

Maltose 

+ : 


— 

— 

Mannitol 


— 


A4- 

Urea ... 

4-r 

4-r 

4-8 

4-r 

Hydrogen sulphide . 

+ • 

4- 

- 

- 

Gelatin 

4- 

4- 

_ 1 

— 

Indole . 

4- i 

-* 

4- 

4- 

Citrate 

-4- 

4” 


4- 

N'oges-Proskauer . . . 

— 

4~ 

— 

— 


s « slow, 
r « rapid. 

-h « acid and small gas volume in carbohydrates. 

A « acid. 

-4- indicates that a substantial number of strains fall in either category. For minor 
exceptions see section on biochemical reactions. 

quently was a presumptive criterion for this species. It was characterized by 
a surface scum with marked sedimentation and decolorization of the brom 
cresol purple indicator after several days. All strains hydrolyzed urea rapidly. 
The M*day-Kingsbury HXK strain, though consistently positive, produced a 
nonmotile variant that was urea-negative. The ability of the variant to hy- 
drolyze urea was restored after serial transplants in urea medium for 9 months. 
Two of the 205 strains failed to produce hydrogen sulphide. Recent isolates 
liquefied gelatin in 1 to 3 days except for 2 strains that required 10 to 14 days, 
whereas strains from stock collections, when positive, usually required 14 to 21 
days. Seven stock strains, including 4 XK strains, failed to liquefy gelatin. 
Indole was formed by only 3 strains and one of these gave a weak reaction. 
Acetylmethylcarbinol was produced by 119 strains. The Voges-Proskauer 
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reaction was never strong, occasionally moderate, usually weak, and sometimes 
to be described as a trace. Furthermore, in a subsequent test 2 to 3 years later, 
10 strains previously positive were negative. Nine strains failed to grow on 
citrate agar. 

Proteus morganii. The biochemical reactions of this species were uniform. 
The 102 strains produced acid and gas rapidly from glucose. Sucrose was 
fermented slowly b}^ 11 strains. Lactose, salicin, maltose, and mannitol were 
not attacked. One otherwise normal strain failed to form indole. Hydrogen 
sulphide and acetylmethylcarbinol were not produced, gelatin was not liquefied, 
and growth did not occur on citrate agar. All strains hydrolyzed urea in 24 
to 48 hours. Levine et al (1925), Rauss (1930), and others had reported P. 
morganii as producing hydrogen sulphide. Sevin and Battiaux (1939) observed 
only slight blackening on lead acetate, with some strains in 4 to 6 days, whereas 
other strains showed no blackening. The discrepancy between our findings 
and those cited above is probably due to the fact that only definite blackening 
witli diffusion into the medium was called a positiv e reaction in this work. 

The growth of all strains of P, morganii in tryptone broth (distilled water 
containing 1 per cent bacto-tryptone) in 4 to 6 hours yielded a strong fetid 
odor; in 18 to 24 hours the odor was considerably diminished or even absent. 
Tribondeau and Fichet (1916) noted a fecal odor with this species in peptone 
broth. The rapid development of the odor proved to be of marked differential 
value for P. morganii, 

Protem rettgeri. Seventy-one of the 78 strains produced acid, and 7 produced 
acid and gas rapidly in glucose. All but 3 strains produced acid in 7 to 40 days 
in sucrose. Twenty-six strains produced acid and one acid and gas in salicin 
in 1 to 21 days. Seventy-one produced acid and 7 acid and gas rapidly in 
mannitol. Lactose and maltose were not attacked. Three strains failed to 
hydrolyze urea rapidly. All strains were indole-positive and grew on citrate 
agar. Hydrogen sulphide and acetylmethylcarbinol were not produced, and 
gelatin was not liquefied. 

There remain to be described briefly 74 cultures, without taxonomic status, 
which biochemically resemble Proteus, Twenty-three of these cultures were 
previously described as type 29911 (Stuart, Wheeler, et al,^ 1943). Seventy-one 
of the cultures were isolated from feces and 3 from urine. Acid or acid and 
gas was produced rapidly in glucose by all strains. Gas, when present, was 
limited to a small bubble. All strains produced acid in sucrose in 5 to 16 days 
and a weak acid reaction in maltose in 14 to 30 days. Lactose, salicin, and 
mannitol were not attacked. Sixty-seven strains did not hydrolyze urea. 
Seven strains hydrolyzed urea weakly, raising the pH to 7.2 or 7.4 in 48 hours 
without further increase even after 5 days (Rustigian and Stuart, 1941). All 
strains were indole- and citrate-positive, and gelatin-, acetylmethylcarbinol-, 
and hydrogen-sulphide-negative. 

Serological Reactions 

Final detailed antigenic analyses of P. vulgaris must await further investiga- 
tion. By H and O agglutination and adsorption test in antiserums prepared 
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from 6 P. vulgaris strains, however, 42 of the 57 strains were divided into 5 groups, 
which were further subdivided into from 1 to 5 types in each group on the basis 
of possessing 2 or more major antigens in common. Of the remaining 15 strains, 
13 showed only one major or minor antigen, and 2 had no antigens in common 
with any of the 5 groups. (Group as used in this report does not signify a number 
of antigenically identical cultures but rather a number of cultures with the 
same antigenic pattern when tested in two or more antiserums.) Antigenically 
identical strains were relatively common among the X strains, but very 
uncommon among the others. The fact that further work is contemplated on 
this species does not imply that we hope to devise a practical system for 

TABLE 2 

Representative antigenic groups of P. rnirabilis as determined by cross-agglutination reactions 
of tS8 strains of this species in four P. rnirabilis antiserums 


GROUP 

STRAINS 

1 ANTISERUMS 

1 

48 

94 

225 

248 

1 

49 

2.560 

2,560 ; 

20,480 

20.480 

2 

9 

2,560 

2,560 

20,480 

2,560 

3 

8 

20,480 

20,480 

20,480 

20,480 

4 

11 

20,480 

2,560 

2,560 

20,480 

6 

5 

20,480 

20,480 

2,560 

2,560 

9 

3 I 


2,560 

2,560 

2,560 

10 

3 




2,560 

12 

2 1 

2,560 

2,560 

2,560 : 

160 

13 

3 


2,560 

2,560 

10,240 

14 

4 

640 

640 

10,240 

640 

15 

1 

640 


10,240 

2,560 

17 

1 


640 


2,560 

21 

1 



640 

10,240 

23 

1 

10,240 

2,660 


2,560 

24 

1 



10,240 

2,560 

26 

1 

640 

640 

640 

640 

27 

1 

640 

640 


2,560 

33 

1 

20,480 

20,480 

10,240 


38 

2 






antigenically typing strains of P. vulgaris, for we are firmly convinced that 
this is impracticable. 

To determine the serological relationships of P, rnirabilis within the species, 
138 strains were tested in 4 P, rnirabilis antiserums. Because of the number of 
tests involved, agglutination tests were set up with saline suspension of living 
organisms in antiserum dilutions of 160, 640, 2,560, 10,240, and 20,480. The 
4 antiserums possessed titers of 20,480. Adsorption experiments were done in 
a 160-dilution of the antiserums. Only 2 of the 138 strains failed to agglutinate 
in any of the 4 antiserums. The 138 strains could be divided into 38 groups on 
the basis of cross-agglutination reactions, the largest group containing 49 strains 
and the smallest 1 strain. Representative groups are shown in table 2. 
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Cultures agglutinating to titer or within one tube of titer in one or more anti- 
serums were used for adsorption. 

Antiserum 48 was adsorbed with 25 strains, antiserum 94 with 23 strains, 
antiserum 225 with 85, and antiserum 248 with 80 strains. Four cultures 
reduced the titer of antiserum 48 from !K>,480 to 1,280, 5 to 5,120, and 16 failed 
to reduce the titer. One culture completely adsorbed antiserum 94, 17 strains 
reduced the titer from 20,480 to 2,560 or 5,120, and 5 failed to alter the titer. 
No significant reduction in titer was caused by the 85 strains employed to adsorb 
antiserum 225. Two cultures completely adsorbed antiserum 248, two reduced 
the titer from 20,480 to 1,280, ten to 5,120, and sixty-six failed to reduce the 
titer. With a total of 213 adsorptions only 3 cultures were found homologous 
to one or another of the 4 cultures used to produce antisentms. 

TABLE 3 

Antigenic groups of P. morganii as determined by cross agglutination 
of 76 strains of this species in four P. morganii antiserums 


OHOTIP 

STKAIMS 

ANTISE&UMS 

213 

278 

m 

312 

1 

8 


20,480 

640 


2 

3 


20,480 

640 

20,480 

3 

15 

20,480 

20,480 

20,480 

20,480 

4 

2 

160 

10,240 

40,960 

10,240 

5 

1 

40 

640 

20,480 

10,240 

6 

36 


1,280 

40,960 

40,960 

7 

1 

20.480 

20,480 

20,480 


8 

1 

640 

1,280 

10,240 

5,120 

9 

1 


10,240 


ICO 

10 

1 



10,240 

5,120 

11 

1 




20,480 

12 

1 




2,5f30 

13 

1 

640 

160 


160 

14 

1 



640 

160 

15 

i 2 






One of the 49 cultures in group 1, table 2, was used to prepare an antiserum. 
Of Hie 48 group 1 strains (exclusive of the strain homologous to the antiserum), 
47 cultures agglutinated to titer, 40,960, or to within one tube of titer, and one 
to 640. Adsorption of the antiserum with the 48 cultures failed to reveal any 
culture identical with that used to produce the antiserum. Eight strains re- 
duced the titer to 320 to 640, 18 strains to 1,280, 19 strains to 2,560 to 5,120, 
and 3 strains failed to reduce the titer. These and other experiments not herein 
recorded show the great antigenic complexity of P, mirabilis. 

P. morganii, like P. vtdgaris and P. mirabilis, lacked serological homogeneity. 
Seventy-five strains were tested in antiserums prepared for 4 P. morganii strains, 
213, 278, 305, and 312. The titers of these anHserums were 20,480, 20,480, 
40,960, and 40,960, respectively. Table 3 reveals 16 antigenic types as shown 
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by cross-agglutination titers in the 4 antiserums. All strains agglutinating to 
titer or within one dilution of titer were used to adsorb the one or more antiserums 
in which this reaction occurred. Antiserum 213 was adsorbed with 27 strains. 
Four group 1 strains (exclusive of 213) and three group 2 cultures completely 
removed the homologous agglutinins from antiserum 213. However, the 
group 2 strains and 213 were not identical since the former agglutinated to a 
titer of 20,480 and the latter failed to agglutinate in antiserum 312 (table 3). 
Some of the adsorbing strains reduced Ihe titer of 213 antiserum to vaiying 
titers, whereas others did not alter the titer. One group 3 strain, exclusive of 
278, completely removed the homologous agglutinins from antiserum 278, 
whereas 29 other adsorbing strains gave varying results. Of 20 used to adsorb 
306 antiserum, one group 4 culture, exclusive of 305, completely removed 
homologous agglutinins, and the others varied in their reactions. Antiserum 
312 was adsorbed with 42 strains; var>'ing reactions were obtained, but none 
completely removed the homologous agglutinins. 

The adsorption experiments above and others, such as the adsorption of 
antiserums 305 and 312 with one of the 36 strains of group 6 and the testing of 
the 35 remaining strains, revealed a minimum of 30 major and minor antigens 
in the 75 P. morganii strains studied. 

As with P. tmlgaris, detailed antigenic analysis of P. rettgeri must await further 
investigation. Rustigian and Stuart (1943a) pointed out the serological hetero- 
geneity of P. rettgeri. This was further confirmed in the present work by the 
study of 53 strains in 4 P. rettgeri antiserums. A recent development, although 
not altering our concept of the antigenic heterogeneity of P. rettgeri, may modify 
the extent of heterogeneity within the species. In the early work on P. rettgeri 
(then called “anacrogenic paracolon, type 33111,” Stuart, Wheeler, et al., 1943) 
it w'as foimd that a strain not agglutinating at all in an antiserum could com- 
pletely remove all agglutinins from the antiserums upon adsorption. As the 
number of strains and antiserums increased, this fact w’as ignored and the con- 
ventional procedure of testing P. rettgeri in the different antiserums and adsorbing 
only with strains ai^lutinating to high titers w’as carried out. At the end of 
the present work the number of stock strains of P. rettgeri w'as reduced to 10 
and the number of antiserums to 3. Recently when heating several strains of 
Shigella alkalescens for rapid tube agglutination tests (Stuart, Rustigian, et al., 
1943) 4 cultures of P. rettgeri not agglutinating in the 3 antiserums were also 
heated to 85 C for 1 hour. One strain agglutinated to titer in one antiserum and 
to partial titer in another, 2 strains agglutinated to partial titer in one or more 
antiserums, and the other strain failed to agglutinate in any antiserum. The 
3 antiserums were adsorbed with the 4 cultures. The one culture agglutinating 
to titer completely removed the agglutinins from the serum, whereas the titer 
was not altered by any other strain upon adsorption. Tests in the 3 antiserums 
of the 10 stock strains and 5 additional isolates after heating revealed, even with 
this small number of cultures and antiserums, too great an antigenic heterogeneity 
for the practic*d typing of the species. 

Of tile type 2991 1 cultures, 7 were chos^ to prepare antiserums. One culture 
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previously reported (Stuart, Wheeler, et al., 1943) agglutinated to titer in one 
antiserum and upon adsorption reduced the homologous titer from 20,480 
to 320. Twenty-four cultures agglutinated to titers of 40 to 1,280 in one or 
another of the 7 antiserums, whereas 41 failed to agglutinate in any antiserum. 
Varying numbers of P. vulgaris, P, mirabilis, P. morganii, and P. rettgeri cultures 
eelected at random were tested for cross agglutination in the antiserums of the 
other 3 species. Between P. vulgaris and P. mirabilis, and between P. vulgaris 
and P. morganii, common major and minor antigens were encountered in a 
large majority of the tests. On the other hand, major or minor antigens common 
to P. mirabilis and P. morganii were found in a minority of the tests. For 
example, of 132 P. mirabilis strains tested in 4 P. vulgaris antiserums, every cul- 
ture agglutinated to titers of 40 to 5,120 in one or another of the antiserums, 
whereas of 100 of the same cultures, 74 failed to a^lutinate in 3 P. morganii 
antiserums, 12 agglutinated to a titer of 40, and 14 to a titer of 1,280 in one or 
another of the antiserums. Twenty-two P. rettgeri cultures were tested in 4 
P. vulgaris, 2 P. mirabilis, and 4 P. morganii antiserums. Three strains agglu- 
tinated to 640 in one P. vulgaris serum, and to 1,280 in one P. mirabilis serum; 
14 other strains to titers of 160 to 320 in three of the four P. morganii antiserums. 
Of 36 type 29911 strains tested in 4 antiserums each of P. vulgaris, P. mirabilis, 
and P. morganii, 19 agglutinated to titers of 80 to 1,280 in one or another of 
the 12 antiserums. 

Antigenic relationships between coliform, paracolon, and Salmonella cultures 
have been found by Schiff et al. (1941), Stuart, Wheeler, et al. (1943), Wheeler 
et al. (1943), and others. Bomstein et al. (1941) reported antigens common to 
Salmonella and Shigella cultures. Proteus cultures with antigens in common 
with Shigella have been discovered. A culture of P. morganii received in this 
laboratory agglutinated strongly in pooled Salmonella paradysenteriae antiserum. 
Wheeler (personal communication) found that this culture possessed the specific 
antigen of S. ■paradysenteriae type III. Other tests in this laboratory and in 
the Bureau of Laboratories of the Connecticut State Department of Health 
have revealed several minor antigens common to Proteus and Shigella cultures. 

DISCUSSION 

Despite the fact that as early as 1893 Smith recognized the “peculiar” nature 
of gas production by Proteus cultures most investigators have used as the 
principal test for inclusion in this genus fermentation reactions in glucose, lactose, 
and sucrose without reference to gas volume. This oversight has permitted 
strains of paracolon bacteria to be classified as members of the genus Proteus. 
Moreover, failure to recognize that sucrose fermentation by P. mirabilis may 
be slow and that exceptions may occur in the biochemical reactions of almost 
any species of bacteria has led to giving specific rank to variants of one species. 

St. John-Brooks and Rhodes (1939), Reed and Tonner (1942), Rustigian and 
Stuart (1941, 1943a), Thomtcm (1944), and others would exclude Proteus hydro- 
phUus and Proteus ichthyosmius from the genus Proteus. Rustigian and Stuart 
(1941 ), except for gelatin liquefaction, failed to find any characteristics in common 
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between Proteus bombycis and the genus Proteus, This was further confirmed 
in the present investigation on five strains each of P, hydrophilus and P. ichihy- 
osmius and one of P. bombycis. All the foregoing investigators who have worked 
on Proteus americanus and Proteus ammoniac agree that these are variants of 
P, mirabilis. Of special interest is the work of De Assis (1939) who demonstrated 
increasing acid and gas production with serial transplants of P. americanus 
in sucrose medium. A strain of Proteus pseudovaleriei from the American Type 
Culture Collection possessed few of the characters noted for this organism in 
Beigey et al., 5th ed., but did possess the characteristics of P. mirabilis, A 
culture of this organism received from De Assis agreed with the description in 
Bergey et aZ., 5th ed., but failed to swarm under any conditions, produced rel- 
atively large gas volumes in all fermentable carbohydrates except lactose, and 
did not attack urea. This culture had all the characteristics of a paracolon 
organism. 

The careful and detailed analyses of Proteus melanovogenes made by Miles 
and Hainan (1937) reveals that by present-day standards this organism should 
not be in the genus Proteus, While actively motile, it is monotrichate. Attempts 
to produce the peritrichous condition by twice-daily transplants for 3 weeks in 
0.3 per cent semisolid agar failed. P. melanovogenes produced acid and gas 
vigorously” in glucose, sucrose, and maltose in one day, and in mannitol in 
one or two days. Some strains attack lactose slowly and weakly, and some 
strains attack salicin in the same way. This organism did not swarm, gelatin 
liquefaction was slow, and urease was not produced. In fairness to these invest- 
igators it should be pointed out that they recognized the limitations of their 
cultures and the organism was ^^tentatively” classed in the genus Proteus, 

Steinhaus (1941) classified 3 organisms isolated from insects in the genus 
Proteus, An attempt to obtain these cultures failed since by the time the paper 
was published the cultures had been discarded. The criteria for the genus 
Proteus for these organisms appears to have been no action on lactose, lique- 
faction of gelatin, and “slight production of hydrogen sulfide” for 2, and gelatin 
liquefaction for the otlicr. The 3 cultures, although motile, did not swarm or 
spre.ad according to the description of agar colonics. Tw^o cultures w^ere indole- 
negative and fermented both maltose and mannitol, w^hich w^ould exclude them 
from any recognized species in the genus. Moreover, the fermentation of both 
mannose and rhamnose would exclude them from the genus (Moltke, 1927). 
The remaining culture w^as indole-negative and also fermented maltose. Only 
4 carbohydrate reactions w^ere recorded for this culture. Urease production 
w^as not determined. It is highly probable that all 3 cultures in question were 
members of the intermediate group of the paracolon since some strains of the 
group are indole-negative, liquefy gelatin, and produce hydrogen sulphide 
(Stuart, Wheeler, et al, 1943). 

Lobik (1915) described Proteus nadsonii as a peritrichous rod, liquefying gel- 
atin, producing hydrogen sulphide, not forming indole, coagulating but not 
peptonizing litmus milk, and having a variable gram stain. No carbohydrate 
reactions were given. As this organism w^as indole-negative, if in the genus 
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Proteus it would have to be P, mirabtlis (or by the British system P. vulgaris)^ 
but both these species peptonize milk readily (Bergey et aZ., 5th ed.) Moreover, 
the variable gram stain would seem to exclude this organism from the genus 
Proteus, 

Three organisms labeled with the epithets diffluens, metadiffluens, paradiffluens 
were described by Castellani and Chalmers (1919) as species of the genus Proteus^ 
primarily on the basis of gelatin liquefaction. P. metadiffiuens is clearly not in 
the genus Proteus as it does not ferment glucose, sucrose, or maltose. P. diffluens 
differs from P. mirabtlis in its failure to ferment sucrose and peptonize litmus 
milk. Litmus milk was not used, but it was found that one strain of P. mirabilis 
required 5 weeks to ferment sucrose, and 2 sucrose-negative strains were en- 
countered. P. paradiffluens appears to be a normal P. mirabilis including fer- 
mentation of sucrose and peptonization of milk. The Proteus speudomorganii 
of Castellani and Chalmers (1919) is a normal P. morganii, whereas their P. 
morganii is an O form of the same species. 

The Proteus sp, nov, reported by Warren and Lamb (1924) was isolated from 
blood of a patient eleven days before death. The organism produced acid and 
gas in glucose, sucrose, maltose, and mannitol, and acid only in salicin. Althoiigh 
motile, colonies of the organism did not ‘‘spread,^' gelatin was liquefied, indole 
was positive, and milk was coagulated and peptonized. There was “slight 
browning in lead acetate. Since fermentation reactions were observed for 
only 7 days, this organism, fermenting both maltose and mannitol, could have 
been a slow lactose-fermenting paracolon. 

Proteus photuris (Brown, 1927) was isolated from the luminous organs of the 
firefly {Photuris pennsylvanicus). The organism was a “minute,’’ nonmotile, 
gram-negative, “bipolar,” staining rod. Thirty-day-old colonies were “very 
irregular, amoeboid, slimy growths, white at the margin and yellowish to light 
brown in the middle.” Gelatin was liquefied but there was no digestion of 
milk. Hydrogen sulphide was not produced. Acid and gas were formed in 
glucose, sucrose, and mannitol. Gas volumes in these carbohydrates could 
have been moderate to large since it is stated that gas was weakly produced in 
inulin. Aberrant coliforms, slow or nonfermenting lactose strains, with the 
colonial and biochemical characteristics of P. photuris^ have been studied in 
this laboratory. These cultures were isolated from water, soil, and cereal 
and were classed as aberrant Aerobacler (Stuart, Mickle, and Borman, 1940). 

Reference must be made also to the organisms described as P. morganii t3q)es 
by Waaler (1931) and others based bn the work of Morgan and Ledingham 
(1909). With difficulty 4 cultures tentatively classified as P. morganii types 
XII and XIV were obtained. On the basis of relatively large gas volumes, 
inability to swarm though motile, and inability to produce urease, these organisms 
were considered to be paracolon cultures. Waaler’s (1931) five P. morganii 
type XII strains, from their characteristics, appear to be members of the para- 
colon group. Since the term P. morganii is now used to designate a species, 
it is recommended that it no longer be employed for other organisms. Such 
practices connote a close relationship to P. morganii and add confusion to the 
concept of the genus Proteus, 
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The four species of the genus Proteus described in the present investigation 
constitute a fairly compact group of organisms. Urea hydrolysis and failure 
to ferment lactose appear to be the best criteria for the genus. More than 600 
Proteus cultures have been tested in the buffered urea medium described by 
Rustigian and Stuart (1941). All cultures were positive except 5: one was a 
urea-negative variant of a urea-positive parent; one strain of P. mirabilis from 
a stock collection, although positive when received, was negative 4 years later; 
one P. reitgeri strain was completely negative; and 2 others were only moderately 
positive (pll 7.4 to 7.8). A subsequent publication will show^ that in the family 
Erderohacteriaccae utilization of urea is not restricted to Proteus organisms even 
though evidence of hydrolysis in the buffered medium cited is limited to the 
genus Proteus. Gas production is an excellent criterion for 3 species of the 
genus. Relatively recent isolates of P. vulgarisj P. mirabiliSy and P. rnorganii 
almost without exception produce small gas volumes in all fermentable carbo- 
hydrates even after prolonged incubation. Many old stock cultures of these 
species were found to be antierogenic. Most strains of P. rettgeri were anaerogenic ; 
an occiisional strain produced a small amount of gas. Sw^arming under suitable 
conditions is an exi^ellent criterion for H forms of 3 species, but is without value 
for the O foims of these 3 species and for some strains of P. rettgeri. Gelatin 
liquefaction can no longer bo accepted as a characteristic of the genus though 
it may seiwe to differentiate species w ithin the genus. This also holds true for 
production of indole and hydrogen sulphide and for grow th on citrate agar. 

From an academic viowq^oint there is adequate evidence for differentiating 
P. vulgaris and P. mirabilis. The former characteristically acts on glucose, 
sucrose, and maltose rapidly and produces indole; whereas P. miralnlis char- 
acteristically acts on glucase rapidly, sucrose slowly, and not at all on maltose, 
is indole-negative, and produces acetylmethylcarbinol in many instances. 
Furthermore, P. vulgaris is Eijkman negative, w^hereas P. mirabilis is positive 
(Stuart, Zimmerman, et al, 1942; Stuart, Van Stratum, and Rustigian, 1944). 
On the other hand, in the British system these 2 species are united under P. 
vulgaris. The sw’arming characteristics and tbe ability to liquefy gelatin, to 
produce hydrogen sulphide, to grow^ on citrate agar, and to produce urease 
rapidly show the close relationship of these tw^o “types.” The fact that only 
10 to 20 per cent of the isolates of the two “types” are P. vulgaris may indicate 
that the minority group are variants of the majority group. Moreover, an 
occasional strain is isolated possessing characteristics intermediate between the 
two “types.” The present authors are not in perfect agreement on this point. 
One of us (Rustigian) is inclined to give specific rank to both P. vulgaris and P. 
mirabilis. The other (Stuart) is inclined to group the tAvo “types” into one 
species, P. vulgaris, for the purpose of taxonomic simplification (Borman et al., 
1944). 

P. rnorganii seems clearly established as a member of the genus Proteus. 
It utilizes urea more slowly than the other species in the genus. P. rettgeri 
also seems clearly established in the genus despite its borderline characteristics. 
As previously pointed out, many strains spread on moist 1 per cent agar plates 
but only an occasional strain covers the entire surface of the agar. Two strains 
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attacked urea only modemtely and one not at all. All strains reduced trimethyl- 
amine oxide weakly. Two strains were negative on one test but were weakly 
positive on subsequent tests. Other Proteus strains reduce the compound 
strongly and rapidly (Wood and Baird, 1943; Wood, personal communication). 
Recently, Wheeler tested 260 Proteus cultures for trimethylamine oxide reduction 
and found that 6 cultures were unable to reduce this compound (personal com- 
munication). 

Biochemically and antigenically, organisms of the genus Proteus present a 
much more compact picture than do those of the coliform group. Common 
antigens are relatively infrequent among coliform bacteria as a whole (Stuart, 
Baker et ah, 1940). In Aerobacier antiserums 16.9 per cent of Aerobacter strains 
agglutinated to an average titer of 1,148; in intermediate antiserum 7.4 per 
cent of the intermediate strains reacted to an average titer of 1,572; and in 
Escherichia antisemms 38.4 per cent of the Escherichia strains agglutinated to 
an average titer of 1,261. With Proteus cultures, each in its own antiserum, 
66.5 per cent of P. vulgaris, 92.6 per cent of P. mirabilis, 78 per cent of P. 
morganii, and 69 per cent of P. rettgeri strains agglutinated to average titers 
of 13,726, 7,804, 12,779, and 4,725, respectively. (A higher percentage of 
cultures agglutinating and a higher average titer would probably have re- 
sulted from the use of heated antigens with P. rettgeri,) The marked antigenic 
continuity of antigens in the species of Proteus is not indicative of great 
numbers of antigenically identical strains within the different species. Except 
for X strains, antigenically identical strains are relatively infrequent within 
each species. Common antigens among the different species are frequently 
encountered. Antigenic typing as with the Salmonella group would be a 
tremendous task incommensurable with the practical importance of the genus 
Proteus, 


CONCTiUSIONS 

The genus Proieus is a relatively homogeneous group biochemically, and on 
this basis can be divided into four species — P. wlgaris, P. mirabilis, P. morganii, 
and P. rettgeri. 

The first two species could be combined into one, P. wlgaris, as in the British 
system for taxonomic simplification. 

Urease production for all species and small gas volumes, except with P. 
rettgeri which usually produces acid only, are two cardinal physiological criteria 
of the genus. Gelatin liquefaction and fermentatim of glucose and sucrose 
but not lactose do not satisfactorily delineate the genus Proteus. 

The genus Proteus is serologically heterogeneous, although common antigens 
are frequently encountered among the different species. 

It is recommended that Proteus ammoniae and Proteus americanus be con- 
sidered as variants of P. mirabilis, and that Proteus hydrophilus, Proteus ichthy- 
osmius, Proteus pseudovaleriei, and Proteus bombyds be excluded from the 
genus Proteus. 

It is recommended that the epithet “morganii” be employed solely for Proteus 
morganii (Morgan’s bacillus number 1) as described by Morggn and Ledingham. > 



BIOCHEMICAL AND SEROLOGICAL RELATIONSHIPS OF GENUS PROTEUS 435 


ACKNOWLEDGMENTS 

We are indebted to Miss Virginia McGann, E. K. Borman, and K. M. Wheeler 
for assistance in preparing the manuscript, and to Dr. Orlando de Assis, Rio 
de" Janeiro, Brazil, for a culture of P. pseudovaleriei, 

REFERENCES 

Assis, A. de. 1939 A proposito da posicao sistemaiica do chamado “Proteus Americanus*' 
(Proteus Mirabilis X A) . Hospital , O., 16 (1) , 1-5. 

Bebget, D. H. 1923 Manual of determinative bacteriology. 1st ed. Williams & Wilkins 
Co., Baltimore, Md. 

Bergey, D. H., Breed, R, S., Murray, E. G. D., and Hitchens, A. P. 1939 Manual of 
determinative bacteriology. 5th ed. Williams & Wilkins Co., Baltimore, Md. 

Borman, E. K., Stuart, C. A., and Wheeler, K. M. 1944 Taxonomy of the family En- 
terobacteriaceae . J , Bac t . , 48 , 351-367 . 

Bornstein, S., Saphra, I., and Daniels, J. B. 1941 The occurrence of Salmonella antigens 
in dysentery bacilli, J. Immunol., 42, 401-404. 

Brown, F. M. 1927 Descriptions of new bacteria found in insects. Am. Museum Novitates, 
no. 251. Castellan I, A., and Chalmers, A. J. 1919 Manual of tropical medicine. 
William Wood k Co., New York, N. Y. 

Dammin, G. j., and Belling, F. T. 1942 The Weil-Felix reaction in patients with Ptoieui 
and Pseudomonas aeruginosa infections. J. Immunol., 44, 251-258. 

Hadley, P,, Elkins, M. W., and Caldwell, D. W. 1918 Agr. Exp. Sta., Rhode Island 
College, Bull, 174. 

Hauser, G. 1885 Sitzber. physik. med. Sozietflt Erlangen, 156. 

Hynes, M. 1942 The isolation of intestinal pathogens by selective media. J, Path. 
Bact., 64 , 193-207. 

Levine, M. 1942 An ecological study of Proteus. J. Bact., 43 , 33-34. 

Levine, M., Ajwani, G, A., and Weldin, J. C. 1925 The Morgan group of paratyphoids. 
Am. J. Pub. Health, 16, 17-21, 

Lobik, a. j. 1915 From Abstracts of Bact. (1923), 7, 289. 

Miles, A. A., and Halnan, E. T. 1937 A new species of microorganism {Proteus wiela- 
novogenes) causing black rot in eggs. J. Hyg., 37 , 79-97. 

Moltke, O. 1927 (Contributions to the characterization and systematic classification of 
bac. Proteus vulgaris (Hauser) . I^evin & Monksgaard, Copenhagen, Denmark. 

Morgan, H. R., and Ledingham, J. C. G. 1909 From Waaler, E. 1931 J. Bact., 22, 261. 

Raubs, K. F. 1936 The systematic position of Morgan’s bacillus. J. Path. Bact., 42, 
183-192. 

Reed, B. G., and Tonner, il. G. 1942 Proteus hydrophilus infections of pike, trout and 
frogs. Can. J. Research, 20, Sec. D, 161-172. 

Rustigian, R., and Stuart, C. A, 1941 Decomposition of urea by Protects. Proc. Soc. 
Exptl. Biol. Med., 47 , 108-112. 

Rustigian, R., and Stuart, C. A. 1943a Taxonomic relationships in the genus Proteus. 
Proc. Soc. Exptl. Biol. Med., 63 , 241-243. 

Rustigian, R., and Stuart, C. A. 1943b The biochemical and serological relationships 
of the organisms of the genus Proteus. J. Bact., 46 , 198. 

St. John-Brooks, R., and Rhodes, M. 1923 The organisms of the fowl typhoid. J. 
Path. Bact., 26, 433-439. 

St. John-Brooks, R., and Rhodes, M. 1939 Intern. Congr. Microbiol., Rept. Proc. 3rd 
Congr., 167-169. 

ScHiFF, F,, Bornstein, S., and Saphra, I. 1941 The occurrence of Salmonella 0-antigens 
in coliform organisms. J. Immunol., 40 , 366-372. 

Sevin, a., and Battiauk, R* 1939 The characters and systematic position of Morgan^s 
bacillus. J. Path. Bact., 49, 467-466. 



436 


ROBEET RUSTIGIAN AND C. A. STUART 


Smith, T. 1893 The fermentation tube. In Wilder Quarter Century Book, 187-232. 

Smith, T. 1894 Modifications, temporary and permanent, of the physiological characters 
of bacteria in mixed cultures. Trans. Assoc. Am. Physicians, 0, 88-106. 

Steinhaus, E. a. 1941 A study of the bacteria associated with thirty species of insects. 
J. Bact., 42, 757-790. 

Stuart, C. A., Baker, M., Zimmerman, A., Brown, C., and Stone, C. M. 1940 Antigenic 
relationships of the coliform bacteria. J. Bact., 40, 101-142. 

Stuart, C. A., Mickle, F. L., and Borman, E. K. 1940 Suggested grouping of slow 
lactose fermenting coliform organisms. Am. J. Pub. Health, 30, 499-608. 

Stuart, C. A., Rustigian, R., Zimmerman, A., and Corrigan, F. V. 1943 Pathogenicity, 
antigenic relationships and evolutionary trends of Shigella alkalescens, J. Immunol., 
47, 425-437. 

Stuart, C. A., Van Stratum, E., and Rustigian, R. 1945 Further studies on urease pro- 
duction by Proteus and related organisms. J. Bact., 49 , 437-444. 

Stuart, C. A., Wheeler, K. M., Rustigian, R., and Zimmerman, A. 1943 Biochemical 
and antigenic relationships of the paracolon bacteria. J. Bact., 46, 101-119. 

Stuart, C. A., Zimmerman, A., Baker, M., and Rustigian, R. 1942 Eijkman relation- 
ships of the coliform and related bacteria. J. Bact., 43, 557-572. 

Taylor, J. F. 1928 B. Proteus infections. J. Path. Bact., 31, 897-915. 

Thornton, H. 1944 Biochemical and serological studies on the genus Proteus. J. Bact,, 
48, 123. 

Topley, W. W. C., and Wilson, G. S. 1936 The principles of bacteriology and immuno- 
logy. 2d ed. Williams & Wilkins Co., Baltimore, Md. 

Tribondbau, L., and Fichet, M. 1916 Note sur les dysenteries des Dardonelles. Ann. 
inst. Pasteup, 30, 357-362. 

Waaler, E. 1931 Five cases of infection of the urinary tract due to a member of the group 
of bacilli named after Morgan . J . Bact . , 22, 261-273. 

Warren, S., and Lamb, M. E. 1924 A fatal infection with an organism of the Proteus 
group. J. Med. Research, 44, 375-381 . 

Welch, H,, and Poole, A. K. 1934 The pleo-antigenicity of a variant of Proteus X19. 
J. Bact., 28, 523-540. 

Wenner, j. j., and Rettger, L. F. 1919 A systematic study of the Proteus group of bac- 
teria. J. Bact., 4, 331-353. 

Wheeler, K. M., Stuart^C. A., Rustigian, R., and Borman, E. K. 1943 Salmonella 
antigens of coliform bacteria. J. Immunol., 47, 59-66. 

Wood, A. J., and Baird, E. A. 1943 The reduction of trimethylamine oxide by bacteria. 
I, ErUerobacteriaceae, J. Fisheries Research Board Can., 8, 194-201. 



FURTHER STUDIES ON UREASE PRODUCTION BY PROTEUS AND 

RELATED ORGANISMS 


C. A. STUART, ELIZABETH VAN STRATUM, and ROBERT RUSTIGIAN 
Biological Laboratory, Brawn University, Providence, Rhode Island 

Received for publication December 11, 1944 

In 1941 Rustigian and Stuart reported a new medium for the detection of 
urease production by organisms of the genus Proteus. These investigators tested 
151 Proteus cultures in the medium and all were positive. One urea-positive 
X strain, however, did produce a urea-negative variant, which after prolonged 
cultivation in urea medium regained its ability to produce urease. Using this 
medium Ferguson and Hook (1943) found that 29 cultures with the biochemical 
reactions of Proteus produced urease, whereas 75 Salmonella cultures did not. 
This urea medium, which contains the hydrogen ion indicator, phenol red, 
demonstrates production of urease by a decrease in the hydrogen ion concentra- 
tion. Proteus vulgaris and Proteus mirahilis gave a positive reaction, pH 8.1 
or more, in about 8 hours, whereas Proteus morganii required about 36 hours. 
Rustigian and Stuart (1943) found that, except for one strain, Proteus rettgeri 
attacked urea rapidly in about 12 hours. 

To date in this laboratory over 600 Proteus cultures have been tested in the 
urea medium. In addition to the two exceptions noted above, one old stock 
culture, positive when first received, became urea-negative four years later, and 
two strains of P. rettgeri, which on first test produced only weak reactions, 
pH 7.2 to 7.4, in 48 hours after serial transfers in the medium were positive in 
12 hours. An occasional freslily isolated strain of P. rettgeri may require as 
much as 18 to 24 hours to give a positive reaction. 

Rustigian and Stuart (1943) tested in their medium 689 cultures representing 
all genera in the family Enterobacteriaceae exclusive of Proteus. A number of 
coliform cultures, particularly Aeroiwdcr strains, attacked urea slowly and 
weakly, pH 7.0 to 7.2 in five days. To date an additional 418 cultures represent- 
ing all genera in the family Enterobacteriaceae except Erwinia and exclusive of 
Proteus have been tested. A number of coliform cultures attacked urea slowly 
and weakly, whereas several cultures (to be described later in this report) gave 
a strong reaction in 4 to 7 days. Thus, in tests on over 1,000 cultures in the 
family Enterobacteriaceae other than Proteus no culture Avas positive in the time 
prescribed for Proteus, 8 to 48 hours. 

Standard Urease Test 

In this laboratory the urea medium is usually made up in lots of ml since 
this amount is cmrtiuned in the 5" x 1" filter candle and mantle used to sterilize 
the medium. The medium is made as follows: To 380 ml of distilled water are 
added 3.64 grams of KHjPOi, 3.8 grams of NB 2 HPO 4 (Sorensen buffers), 8 grams 
of urea (highest purity), 40 miUigrams of yeast extract (Difeo), and 20 ml of 
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a 0.02 per ceat solution of phenol red. This highly buffered medium has a pH 
of 6.8. The medium is tubed in approximately 3-ml amounts in tubes 14 mm 
inside diameter and 125 mm long. Inoculations are made from 18- to 24-hour 
agar slant cultures with a straight needle, and tests are incubated at 37 C in 
an air incubator. When possible, reactions are recorded after 8, 12, 24, and 48 
hours of incubation. In the previous reports on this medium no particular 
conditions of the test were given since conditions were kept constant and no 
unusual reactions were raicountered. 

From different laboratories an occasional Proteus culture was received which 
was reported to be either faster or slower in attacking urea than the standard 
set for the particular species. These cultures proved to be quite noimal when 
tested in this laboratoiy. Further inquiry revealed in every case some variation 
from the procedure used in this laboratory, such as inadequate buffering of the 
medium, temperature variations, incubation at 37 C in air incubators and water 
baths, and, to conserve medium, tubing in small serological tubes. When con- 
ditions reported by different laboratories were duplicated, their results were 
confirmed. It seemed advisable to test carefully the conditions surrounding the 
production of urease by Proteus and related organisms. In order to conserve 
medium 1.5 ml of medium in 14 x 125 mm tubes, the smallest amount that could 
be read accurately in a comparator, was accepted as standard. W'hen com- 
parative inoculums were needed, 5 ml of sterile saline were added to a 24-hour 
agar slant culture; the organisms were suspended by rolling the tube briskly 
between the hands, and inoculations in the desired quantities were made with 
sterile pipettes. When accurate amounts were required, the medium was pi- 
petted into sterile plumed tubes with sterile pipettes. A reaction was recorded 
as positive when the pH was 8.1 or more. 

Size of Inoculum, Amount of Medium, and Aeration 

To a series of 15 tubes containing 1.5 ml of medium, 0.01 ml of a bacterial sus- 
pension was inoculated into the first, 0.02 into the second, 0.03 into the third, 
etc., up to 0.1, then 0.2, 0.3, 0.4, and 0.5. After 4 hours’ incubation at 
37 C tubes inoculated with the rapid urease-producing species (P. vulgaris, 
P. mirabilis, and P. reUgeri) were read eveiy half hour, whereas with the slow 
urease-producing species (P. morganii) readings were made at hourly intervals 
beginning with the eighteenth hour. As the size of the inoculums increased 
from 0.01 to 0.1 ml, the time required for the rapid species to reach pH 8.1 
decreased, but there was no further acceleration with heavier inoculums. The 
0.1 inoculums were positive on an average of three hours earlier than the 0.01 
inoculums. On the other hand, no significant alteration in the time required 
for P. morganii to become positive was noted for any of the inoculums. One- 
tenth milliliter was accepted for the standard inoculum. 

When constant inoculums (0.1 ml) were made ipto tubes containing 1.5, 3, 
4.5, and 6 ml of medium, the time required for a positive reaction increased with 
the volume. With the rapid urease-producing species the smallest volume was 
positive in an average of 4.5 hours before the largest, and the diffidence with 
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P. morganii was about 12 hours. Since these differences seemed to be due to 
the ratio of surface area to volume of medium, the following tests were made. 
Two milliliters of the medium were placed in tubes with inside diameters of 9, 
13, 18, and 24 mm, and the standard inoculum was added. With the rapid 
species a positive reaction was obtained in the 24-mm tube on an average of 
3.5 hours before the 9-mm tube, but with P. morganii the difference in the 
speed of a positive reaction between these tubes was 18 hours. 

Two sets of tubes with the standard amoimt of medium and inoculum were 
prepared from the rapid urease-producing species. One set was shaken every 
30 minutes. The shaken tubes were positive on an average of 1 hour and 
30 minutes before the unshaken. Except for P. morganii, variations in the 
time required to produce a positive reaction with alterations in the conditions 
of the test are not veiy great. 


Temperature 

With changes in temperature, however, changes in the rate of urease production 
are so great, particularly for P. morganii, that at certain temperatures it cannot 
be distinguished from the other species. For the experiments on temperature 
two water baths that were regulated to ± 0.1 C were employed. Because of 
the number involved, straight needle inoculums from 24-hour agar slant cultures 
were made into approximately 1.5 ml of medium. Tubes were inoculated in 
groups of 6 and immediately placed in the water bath. The surface of the urea 
medium in the tube was 2.5 inches below the surface of the water. Twenty-four 
cultures each of P. vulgaris, P. mirabilis, and P. retigeri, and 48 strains of P. 
morganii were tested at 20, 30, 35, 37.5, 40, 42.5, and 45 C. For the 37.6 C 
incubation, two tubes of urea medium were inoculated from each culture; one 
set of tubes was incubated in the water bath, the other in an air incubator. 
Results were recorded every 2 hours throughout an experiment. The results 
of these tests are shown in table 1. 

Table 1 shows that as the temperature increases from 20 to 37.5 C in the 
water bath, the speed of urease production increases for P. rettgeri, but the speed 
was actually greater in the air incubator than in the water bath at 37.5 C. As 
the temperature' continued to increase, the speed was decreased imtil at 45 C no 
strain was positive; 15 strains showed pH reactions of 7.0 to 7.2, and 9 strains 
produced no change from the original pH of 6.8. EssentiaUy the same pattern 
was established by P. vulgaris except in the time involved, and in the reactions 
at 45 C. At 45 C the first strain was positive in 8 hours, 12 others in 24 hours, 
whereas 11 strains showed reactions varying from pH 6.8 to 7.5 in 24 hours, with 
no further changes in 48 hours. P. mirabilis is less affected by the different 
temperatures than the other species. No difference was noted in the speed of 
urease production at 37.5 C in the water bath and air incubator; the greatest 
speed was shown at 40 C with only slight decreases at 42.5 C and 45 C. Such 
reactions at 45 C were anticipated because Stuart, Zimmerman, et al. (1942) 
found P. mirabHis characteristically SHjkman-positive, whereas P. vulgaris 
and P. morganii were native. The difference in the speed of urease production 
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by P. morganii at the different temperatures is very marked. At 20 C, the first, 
median, and last strains to go positive did so in 32, 58, and 130 hours, respectively, 
whereas at 42.5 C the same reactions took place in 4, 6, and 8 hours, respexstively. 
The median strain at 37.5 C was positive in 10 hours in the water bath and 20 
hours in the air incubator. Tubes in the water bath reached temperatures of 
37.5 C in 5 minutes and 30 seconds, and in the air incubator in 2 hours and 15 
minutes. The reaction of P. morganii at 45 C was not anticipated for reasons 
stated above. 

When the experiment at 45 C was duplicated with inoculums from slants which 
had stood for approximately 2 months at room temperature, P. rettgeri and P. 
vulgaris and 15 strains of P. mirabilis failed to alter the pH of the medium. 
Nine strains of P. mirabilis ranged from pH 7.0 to 7.6. There was vary little 
difference, however, in the speed of urease production by the young and old 
strains of P. morganii. Young strains usually became positive 2 hours before 

TABLE 1 

Time in hours required for the first culture^ the median culture, and the last culture to become 
positive in urea medium (pH 8 A or higher) for Proteus species at the various temperatures 


Incubation 

WATER BATH 

AtR 

Temperature 

20 C 

30 C 

35 C 

37.5 C 

40 C 

42.5 C 

45 C 

37.5 C 

Species 

No. 

D 

i 

D 

5 

a 

B 

s 


B 

B 

B 

s 

a 

D 

B 

D 

i 

B 

a 


Q 

A 

B 

C 

jP. rettgeri 

24 

IE 

i 

30 

1 

14 

22 

i 

12 

18 

I 

12 

m 

I 

12 

14 

10 

1 

58 

1 

1 


6 

10 

14 

P. vulgaris 

24 

12 

16 

26 

6 

10 

16 

6 

8 

14 

4 

8 

14 

4 

8 

10 

4 

10 

30 

8 

24 

b 

6 

8 

12 

P. mirabilis 

24 

12 

18 

22 

6 

8 

10 

4 

8 

10 

4 

6 

6 

4 

4 

6 

4 

6 

6 

4 

8 

10 

4 

6 

6 

P. morganii , . . 

48 

32 

58 

130 

22 

32 

58 

12 

20 

32 

6 

10 

12 

4 

8 

12 

4 

6 

8 

4 

8 

14 

16 

20 

32 


A « first culture to become positive. 

B « median culture, the 12th or 24tb culture in each species. 

C « last culture to become positive. 

a. Nine strains produced no change in the medium while 15 gave reactions of pH 7.0 
to 7.4. 

b. Four strains produced no change in the medium while 7 gave reactions of pH 7.0 
to 7.5. 

the old strains, but, on the other hand, the last old strain to gD positive did so 
in 12 hours, whereas the slowest young strain required 14 hours. 

Eijkman Reaction 

In view of the unexpected reactions of P. morganii in urea medium at 45 C, it 
was decided to reinvestigate the Eijkman leactimts of Proteus, including P. 
rettgeri, which was not tested in the previous work (Stuart, ffimmerman, et al., 
1942). Buffered glucose broth with brom thymol blue as indicator was used. 
Inoculations were made from agar slants (straight needle) and from broth cul- 
tures (2-mm loop). Cultures used for inoculations were 24 hours old. A total 
of 237 cultures, some of which were used in the previous work, were inoculated 
in groups of six and immediately placed in the 45 C water bath. (In the previous 
work a temperature of 45.5 C was used.) Recordings were made at 24 and 48 
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hours as no growth, growth, weak acid, and strong acid. As in the previous work, 
gas production was not recorded because many of the P. mirabilis strains pro- 
duced no gas after 48 hours at 45 C. After 48 hours’ incubation at 45 C. all 
tubes exept those of P. mirabilis were incubated at room temperature and ex- 
amined for 9 days for viability as shown by acid or acid and gas production. 

The results shown in table 2 clearly confirm the work of Stuart, Zimmerman, 
et al. (1942) and in addition show that P. rettgeri is Eijkman-ncgative. They also 
show that agar slant inoculums of P. morganii uniformly grew at 45 C, but failed 
to attack glucose at the same temperature. However, these same strains pro- 
duced urease strongly at this temperature. A greater number of P. morganii 
strains from agar slant inoculations were viable after 48 hours at 45 C than of P. 
rettgeri and P. vulgaris. 


TABLE 2 

Eijkman reaclions of SS7 Proteus cultures including all species of the genus Proteus 


SPECIES 

STRAINS 

24 HOURS 

4B HOURS 

NO. OP 
CULTURES 
VIABLE 
AFTER 48 
HOURS AT 

45 C 

Ag. inoc. 

Br. inoc. 

Ag. inoc. 

Br. inoc. 

Ag. 

moc. 

Bt, 

inoc. 

- 

G 

A 

A* 

- 

G 

A 

A* 

- 

G 

A 

A» 

- 

G 

A 

A* 

P. rettgeri 

48 

27 

21 

0 


48 

0 


0 

0 

48 

B 

D 

48 

1 

B 

fl 

14 

B 

P, vulgaris . . . 

46 

14 

31 

1 


45 

1 


0 

E 

45 

0 

1 

45 

0 

1 

0 

5 

1 

P. mirabilis . . 

91 





0 

6 

1 

84 





m 

E 

3 

88 



P. morganii. 

52 

E 

52 

D 

0 

52 

□ 

D 

0 


52 

□ 

□ 

52 

0 

0 

a 

i 1 

0 


Ag. inoc. 
Br. inoc. 

G 

A 

A* 


agar inoculation, 
broth inoculation, 
no growth, 
growth, 
weak acid, 
strong acid. 


Urease Production by Enterobacteriaceae 

The ability of other genera in the family Enterobacteriaceae (except Erwinia) 
to produce urease was investigated. By decreasing the concentration of buffers 
in the urea medium it was found that 0.01, the usual amount, would maintain a 
pH of 6.8 in nonpyrex culture tubes. Hereafter a batch of medium containing 
0.01 of the original amount of buffers will be called a “0.01 buffered medium” 
and with 0.1, the original amount, a “0.1 buffered medium.” Unless specified, 
all of the ingredients will be as in the original medium. These tests were incu- 
bated in a water bath at 37.5 C. To determine ammonia production from yeast 
extract alone a batch of 0.01 buffered medium without urea was prepared. In 
this TnAdiiim 209 cultuies representing all genera in the family Enterobacteriaceae 
and all important species in each genus (except Erwinia) wrere tested with ^ar 
slant inoculums. Eveiy culture gave a pH reaction of 7.4 to 7.5 in 24 to 48 
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houiB. In a 0.01 buffered medium containing urea 255 cultures exclusive of the 
genus Proteus were tested for urease production. Tests were read at 4, 8, and 12 
hours, and at 12-hour intervals thereafter for a total of 48 hours. Twenty-six 
normal or paracolon Escherichia, 7 normal or paracolon intermediates, 44 normal 
or paracolon Aerobacler, 7 Shigella alkalescens, and one Shigella equirvUs, or a 
total of 85 cultures, were positive (pH 8. 1 or more) in one or two days. Although 
not positive, several additional coliform and 2 Serratia cultures probably would 
have been positive in another 24 or 48 hours. No Salmonella or Shigella, other 
than S. alkalescens and S. equirulis, showed any evidence of urea utilization. 
(These results confirm the work of Mitchell and Levine, 1938, White and Hill, 
1941 , and others, who showed that many coliform cultures, especially AeroHacter, 
may produce urease.) The 85 positive cultures were then tested in 0.1 buffered 
medium containing urea. After 24 hours’ incubation the tubes were read at 
12-hour intervals for 5 days. One paracolon intermediate, 24 normal or para- 
colon Aerobacter, and one S. equirulis, or a total of 26 cultures, were positive 
in 2 to 3 days These 26 cultures were tested in standard urea medium. One 
paracolon intermediate, one Aerobacter, 8 paracolon Aerobacter type 32011 
(Stuart, Wheeler, et al., 1943; Stuart and Rustigian, 1943), and one S. equirulis, 
or a total of 11 cultures, were positive in 4 to 5 days. 

It is evident that urease production is not confined to the genus Proteus, but 
the detection of urea utilization in the standard medium in 48 hours or less is 
confined to Proteus species. It is also evident that so far as their urease pro- 
duction is concerned, Proteus organisms are more closely related to Aerobacter 
than to other members of the coliform group. Fifty-four type 29911 cultures 
(Stuart, Wheeler, et al., 1943; Rustigian and Stuart, 1944) were tested in 0.01 
buffered medium. Twenty-six were positive in 12 to 24 hours. In the 0.1 
buffered medium 15 were positive in 2 to 3 days. None were positive in the 
standard medium although 7 strains produced pH reactions of 7.2 to 7.6 in 5 
days. 

Rapid Urease Test 

A rapid test for urease production by Proteus species, particularly P. morganii, 
would occasionally have marked diagnostic value in saving 24 to 48 hours. 
Straight needle inoculums into the 0.01 buffered medium failed since, althou^ 
a majority of cultures of each species were positive in 2 to 4 hours, some required 
several hours for a positive reaction. Experiments vaiying the size of the 
inoculum yielded a satisfactory test tffough it did not differ^tiate between the 
rapid and slow urease-producing species of Proteus. The test consists of in- 
oculating 3 loopfuls (approximately 2-mm loop) from an agar slant culture into 
the medium, shaking the tube, and, when necessary, incubating the tube in a 
37.5 C water bath. A total of 225 Proteus cultures have b^ tested by this 
method. Readings were made at 5-minute intervals. Of 47 P. vulgaris strmns 
the first was positive in 5 minutes, the median in 10 minutes, and the last in one 
hour and 20 minutes. Of 91 P. mirabilis strains the first was positive in 5 minutes, 
the median in 15, and the last in 60 minutes. Fifty-two P. morganii stnuns ynxe 
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tested; the first was positive in 5 and all were positive in 16 minutes. Of 35 
P. rettgeri strains the first was positive in 10 minutes, the median in 20, and the 
last in 60 minutes. Tubes were inoculated in groups of six. An occasional 
tube was actually positive by the time the tubes reached the water bath, but these 
were recorded as positive in 5 minutes Such cultures were further studied. 
One of the.se, P.mirabilis 231 , has been tested about 50 times, mostly in demon- 
strations; the fastest time for a positive reaction was 40 seconds and the longest 
was one minute and 15 seconds. The 255 cultures representing all genera of the 
family Enterobacteriaceac except Erwinia and exclusive of Proteus were tested 
by the rapid method. No culture w'as positive under 12 hours. 

It will be recalled that m the regular medium at 45 C old agar and young agar 
slant inoculums of P. morganii showol little difference in tlie speed of the urease 
production, whereas only the young agar slant inoculums of P. mirabilis gave 
positive reactions. At the time the rapid test was perfected, there w'ere 12 
cultures each of P. rettgeri, P. vulgaris, and P. mirabilis, and 24 P. morganii 
about 6 months old. These weie tested by the rapid method. Of the first 
3 species mentioned the first culture was positive in 2 and the last in 5 hours. 
With P. morganii all but 6 of the 24 cultures were positive in 10 minutes, and 
these 6 were positive in 15 minutes. 

DISCUSSION 

It is evident from the foregoing that in strongly buffered urea medium only 
members of the genus Proteus give evidence of urea utilization. In weakly 
buffered medium, however, urea utilization is shown by many coliform and 
paracolon cultures, especially of the Acrohacter type. One normal Aerobacter 
strain and several paracolon Aerobacter type 32011 strains were capable of pro- 
ducing a positive reaction in regular urea medium in 4 to 6 days. One cardinal 
characteristic of type 32011 is the small gas volume produced in maltose and 
mannitol in 24 hours (Stuart, Wheeler, et al., 1943). Recently from gastro- 
enteritis patients several strains of type 32011 have been isolated which on 
first tests in glucose produced only a bubble of gas. In subsequent tests gas 
volumes increased in this carbohydrate to the usual 20 to 30 per cent volume. 

It is interesting that S. alkalescens exhibited urea utilization in the 0.01 buffered 
medium. The biochemical and antigenic relationships of tS.alAulcscens to coliform, 
paracolon, Shigella (Stuart, Rustigian, et al., 1943), and now in a small w'ay to 
Proteus, constitute a remarkable range of characteristics. 

The taxonomic position of type 29911 cultures is not clear. They bear some 
resemblance to Proteus: they produce acid or a bubble of gas in glucose, and acid 
and occasionally a bubble of gas slowly in sucrose; they have a weak acid reaction 
in maltose in 3 to 5 weeks; they produce indole; and they grow on citrate agar. 
A few strains “spread” on fresh moist agar (Rustigian and Stuart, 1944). Anti- 
genically they are the most heteit^eneous type or group of cultures encountered 
in this laboratory in an ei^t-year study on organisms of the family ErOero- 
bacteriaceae. Most cultures of this type were isolated from gastroenteritis pa- 
tients. Seveial cultures of this type were received from other laboratories as 
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mirabilis,'^ The production of indole and failure to produce hydrogen 
sulphide (Rustigian and Stuart, 1944) would oi-dinarily exclude type 29911 
from the species P. mtrabilis, and their failure to attack urea readily from the 
genus Proteus. The taxonomic position of this type or group of organisms must 
depend on further work. 

Urease production like most, if not indeed like every, biochemical test used 
to differentiate the various genera and species in the family Enterobacteriaceae 
shows no absolute line of demarcation, but rather a series of intergrading re- 
lationships among the different genera and species. These relationships can 
be studied best in weakly buffered urea medium, whereas the strongly buffered 
medium under the proper conditions can be depended upon to differentiate 
Proteus from all other genera in the family. 

CONCLUSIONS 

Conditions of the test, such as amount of medium, size of inoculum, diameter 
of the tube, and especially temperature of incubation, may maricedly alter the 
speed of urease production by Proteus oiganisms. 

The relationships of Proteus to other genera and species in the family Eniero- 
baderiaceae with regard to urease production can be studied in weakly buffered 
urea medium. 

In strongly buffered urea medium under the proper conditions Proteus can 
be differentiated from all other members of the family. 

A rapid test to differentiate Proteus from other organisms in the family has 
been devised. 
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In an earlier paper (Gray, 1941) it was pointed out that different strains as 
well as different species of yeasts vaiy widely in their capacities to tolerate ethyl 
alcohol. It was stated that a particular yeast should not be expected to pro- 
duce an efficient fermentation if it was supplied with sugar in a concentration 
such that the alcohol produced from this sugar would be in excess of the maximum 
alcohol concentration which the yeast could tolerate. 

The fact that a yeast exhibits a high alcohol tolerance does not mean that such 
a strain or species would necessarily be a more eflBcient organism for all industrial 
purposes; however, establishment of the fact that yeasts vary in their alcohol 
tolerances was one step in the setting up of reliable criteria by which yeasts could 
be selected for a particular fermentation process. The present research is an- 
other step toward establishing the.se criteria for different yeast strains and was 
projected in order to determine the relationship between initial glucose concentra- 
tion of the fermentation medium and the percentage of glucose utilization for 
various yeasts. This problem has become increasingly important with the 
necessity for speeding up the production of industrial alcohol, since many plants 
attempt to increase their total output by increasing mash concentration, which 
obviously results in a decided increase in initial sugar concentration. 

EXPERIMENTAL PROCEDURE AND RESULTS 

Four strains of Sacduiromyces cerevisiae Hansen were used in these studies; 
they will be referred to by the numbers under which they are catalogued in the 
Seagram yeast stock culture collection (nos. 1 , 3, 28, and 31 ). These yeasts were 
used to ferment solutions containing from 4.47 to 30.18 per cent glucose. The 
basal medium employed was lOper cent yeast water (10 g of starch-free distillers’ 
yeast extracted in 100 ml of distilled water by autoclaving for 30 minutes at 
15 pounds’ steam pressure and centrifuging off the suspended material; the 
clear liquid was thoi adjusted to a pH of 4.3 to 4.4). The basal medium con- 
tmning glucose was divided into 25-ml lots, each of which was placed in a 50-ml 
Brlenmeyer flask, and sterilized by autoclaving for 20 minutes at 15 pounds’ 
steam pressure. The initio glucose content w'as determined after autoclaving 
by the method of Stiles, Peterson, and Fred (1926). Yeast for inoculum was 
secured by centrifuging the cells from 24-hour-old cultures (grown in 10 per cent 
yeast water plus 10 per cent glucose) and resuspending in enough physiological 
salt solution so that the final concentration was 0.25 ml of freidily centrifuged 
wet yeast per ml of suspension. This results in a yeast count of 875 to 985 
million c^s per ml. Inoculations were made by adding 0.5 ml of such a sus- 
pension to each 25-ml portion of fermentation medium, which resulted in an 

446 



446 


WILUAM D. ORAT 


mitial yeast concentration in the fermentation' flasks of approximately 0.005 
ml of wet yeast per ml. Inoculated flasks were then incubated under self- 
anaerobic conditions, without shaking, at 30 C for 72 hours, after which time 
final sugar analyses were made. Duplicate fermentations were run in ail 
series. The effect of the initial sugar concentration upon the total sugar used 

TABLE 1 


The effect of initial eugar concentration upon the percentage of eugar utilization by different 

strains of distillers^ yeast 


mAST AMD SEUSS MO. 

AVERAOB nnriAL 
0LUC06S 

AVEXAOX PINAL 
GLUCOSE 

AVXEAOB PXECENTAGE 
or BUOAE UTILIZED 

ICAXnCUlC 1HEO- 
SXnCAL AMOUNT OP 
EtOH WHICH COULD 
BE OEEIYED PEOM 
8UOAE UTILIZED 

la 

gftOOml 

4.492 

gllOOna 

0.038 

99.20 

p$rc€nihy weighs 

2.110 

lb 

9.544 

0.052 

99.40 ' 

4.614 

Ic 

13.608 

0.523 

96.10 1 

6.689 

Id 

18.160 

5.852 

67.76 

6.282 

le 

22.860 

11.600 

49.65 

5.754 

If 

26.288 

17.707 

32.60 

4.377 

3a 

4.608 

QMS 

99.20 

2.337 

3b 

9.404 

0.054 

99.40 

4.778 

3c 

13.824 

0.078 

97.90 

7.024 

3(1 

18.848 

1.182 

93.65 

9.027 

3e 

23.296 

6.704 

71.15 

8.480 

3f 

26.624 

13.367 

49.70 

6.774 

28a 

4.473 

0.036 

99.30 

2.268 

28b 

8.800 

0.050 

99.40 

4.471 

28c 

13.224 

0.068 

99.40 

6.723 

28d 

18.320 

0.276 

98.45 

9.073 

28e 

22.368 

4.674 

79.55 

9.042 

28f 

27.072 

11.525 

57.20 

I 

7.945 

31a 

4.748 

0.039 

99.10 

2.406 

31b 

10.568 

0.054 

99.40 

5.372 

31c 

12.648 

0.078 

99.00 

6.401 

31d 

14.200 

0.229 

99.19 

7.197 

31e 

16.100 

0.224 

98.61 

: 8,113 

31f 

17.930 

1.255 

93.00 

8.521 

31g 

21.664 

3.952 

81.75 

9.051 

31h 

26.400 

11.556 

56.40 

7,585 

311 

30.176 

16.146 

46.30 

7.169 


in 72 hours was determined by fermentations of this type, and data obtained 
from them are summarized in table 1 and shown in graphical form in figure 1. 
Duplicate fermentations were run in each instance, and the results presented are 
averages. 

Prom table 1 and figure 1 it may be seen that the higher initial ghtcose omi- 









BtrOAR l*bliXiRAKCE 07 FOtJB BTRAIKS OF mS'm.LERS’ TEA6T 


447 


centrations resulted in a decreased percentage of sugar utilization on tiie part 
of each yeast strain, yielding curves for all yeasts that were somewhat similar. 
In figure 1 it will be noted that for each yeast strain the sugar utilization curve 
forms a strmght line at the lower concentrations with a sloping off in the higher 
cmicentrations. The point at which the curve leaves the plateau may be 
taken as the concentration at which inhibition of sugar utilization becomes 
evident, and it will be noted that this point differs with the various strains. 

. With the thought that perhaps the decreased sugar utilization in media of 
high glucose concentration resulted from alcohol inhibition, since hi^er alcohol 
concentrations would be expected as a result of the fermentation of larger amounts 



35 tS ioS Ss isS ItS solo 22I5 isS 2^ 

INITIAL GLUCOSE GRAMS PER 100 ML 

Fio. 1. Thb ErrECT of Initial Glvcose Concentration upon Percentage of Glucose 
Utilization by Yeasts, Nos. 1, 3, 28, and 31. 


of glucose, calculations were made in order to determine whether it resulted from 
the excessive concentrations of sugar or of alcohol. The results of these calcula- 
tions are plotted in curve A, figure 2. This curve was drawn by using values 
derived by calculating the percentage of sugar which should have been utilized 
at each concentration, assuming that in each instance enou^ sugar was utilized 
to produce 6.689 grams of alcohol per 100 ml (provided that the initial sugar 
cimcentrarioa was great enough to yield this amount of alccdiol) . This particular 
idochol concentration was selected since, in series Ic, yeast no. 1 utilized 13.085 g 
of glucose per 100 ml (the greatest total amount utilized in any member of the 
series), and the maximum theoretical resultant alcohol concentration would be 
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6.689 g of alcohol per 100 ml, provided tliere had be@Q a 100 per cent conversicni 
to alcohol and carbon dioxide. Examination of table 1 reveals that in series 
Id, le, and If tiie total amount of glucose utilized was not 13.085 g per 100 ml, 
but 12.308, 11.260, and 8.586 g per 100 ml, respectively; in oiJier words, above a 
certain glucose ccmcentration, the higher the initial concentration of sugar in 
the medium, the smaller the total amount of sugar utilized in 72 hours. If 
alcohol were the only inhibitory factor in operation, the curve obtained by 
plotting the actual experimental data should coincide closdy with the curve 



* ■ " !' 'i f I I " ' ' I ' I ' T" — I I ' ii | 

50 75 lao 125 l&O 17.5 200 225 250 275 

INITIAL GLUCOSE- CRAMS PER 100 ML 
Fro. 2. The Effect of iNiTtAi. Glucose Concenteation upoh Pebcentaoe of Glucose 

Utiuzatioh bt Yeast No. 1. 

Curve A (broken) is the theoretical curve of glucose utilization based upon the assump- 
tion that the only inhibitory factor in operation is alcohol concentration; curve B (solid) 
is the actual utilization curve based upon data obtained from experimental fermentations. 
The arrows along the solid curve indicate the prince or absence of plasmolysis at the 
concentration designated by the arrow : — , no plasmolysis observed ; db , partial plasmolysis ; 
+, definite plasmSysis. 

derived by such calculations as those described above. Since an examination 
of figure 2 reveals that this is not the case, and that in the higher sugar concentra- 
tions curve A (theoretical) lies somewhat above curve B (actual), we can assume 
that the inhibition of sugar utilization is not due to alcohol. It should be noted 
that as the sugar concentraticHi increases, the distance between the curves also 
increases, which indicates an increase in inhibition with increasing sugar con- 
cmitratacm. Obviously, curves A and B would not coincide exactly (even though 
alcohol were the only inhibitory factor), since 100 per cent conversitm to alcohol 
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and CO 2 would not occur; however, they should approach each other more closely 
than they do in figure 2, and the distance between the two curves should be 
approximately the same at all points, if alcohol alone were the inhibitory factor. 

Similar analyses and plottings of data obtained from experiments conducted 
with yeasts nos. 3, 28, and 31 yield sete of curves similar to those shown in figure 
2, although with the different yeast strains differences between the actual and 
theoretical curves vary from strain to strain. From these results it w'ould appear 
that the higher concentrations of glucose have an inhibitory action upon the sugar 
utilization of all four of the yeasts tested. Probably all yeasts exhibit this same 
tendency, and a survey of a large number of strains and species would undoubt- 
edly show marked differences in their sugar tolerances. 

In order to substantiate experimentally the idea derived from the results of 
these calculations, i.e., that the decrease in percentage of sugar utilization 
exhibited in table 1 was not due to alcohol concentration, the following experiment 
was devised: 10 per cent yeast w'ater containing 10 per cent glucose and 6.689 g 

TABLE 2 

Utilization of glucose from a medium of high initial alcohol concentration and noninhibitory 

glucose concentration 

Initial glucose: 10.912 g per 100 ml; initial ethyl alcohol: 6.689 g per 100 ml . 


1 

FClMEimit NO. ! 

24 HI OIUCOSE 

GLUCOSE 

UTIUSED 

1 

PEmCENTAOE j 
or SUCAK 
UTILUZU 

MAXIMUM THEOIBTICAL 

AMOUNT or EtOH 

WHICH COULD BE 
DESIVXD IHOM SUGAB 
UTILIEED 

TOTAL POSSIBLE 

EtOH 


g/mrnl 

g/JOOml 


per eeiel by migkt 

g/lOOml 

1 

10.104 

0.808 

7.44 

0.413* 

7.102 

2 

9,744 

1.168 

10.71 


7,286 

3 

9.848 

1.064 

9.76 

0.544* i 

7,233 

4 

9.728 

1.184 

1 

10.85 

0.606* 

7.294 


* 94 to 95% of these values would probably be more nearly correct. 


of ethyl alcohol per 100 ml was prepared; four fermenters (50-ml Erlaimeyer 
flasks) each containing 25 ml of this medium were inoculated with yeast no. 1 
by the method described in previous experiments. Sugar analyses were made 
at the end of 24 hours, and the results show clearly that ethyl alcohol in a con- 
centration of 6.689 g per 100 ml will not stop glucose utilization by yeast no. 1, 
and, therefore, that the decreased percentages of sugar utilization exhibited by 
this yeast in the earlier experiments were due to a glucose, not an alcohol, mhibi- 
tion. Results of this experiment are presented in table 2. 

Column 6 in table 2 lists the maximum total alcohol concentration based upon 
the original concentration plus the maximum theoretical amount of alcohol which 
could be derived from the sugar utilized. Although these figures are undoubtedly 
slightly higher than actual, it is interesting to note their close agreement with 
the alcohol tolerance published for yeast no. 1 (Gray, 1941). 

An examination of figure 1 reveals that the glucose utilization curves of yeasts 
nos. 3, 28, and 31 are very close together, and all three yeasts showed markedly 
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liigber glucose tolerauces than yeast no. 1. On the basis of their sugar tolerances 
'we can classify the four strains as follows: 28 >31 > 3 > 1. Classifjdng the 
same yeasts on the basis of their alcohol tolerances we find that 31 > 28 > 3 > 1, 
which would indicate that, at least for these strains, high sugar tolerance is 
closely correlated with high alcohol tolerance. 

EFFECT OF HIGH GLUCOSE CONCENTEATION UPON YEAST CELL TURGOB 

In an attempt to explain inhibition of sugar utilization by high glucose con- 
centrations, consideration was given to the failure of a cell to function properly 
if plasmolyzed or partially plasmolyzed. For that reason, cells of yeast no. 1 
were treated with glucose solutions of various concentrations in order to determine 
the lowest concentration which would induce plasmolysis. Slides were prepared 
by placing cells from a 24-hour-old yeast culture (grown in 10 per cent yeast 
water containing 10 per cent glucose) in a small drop of water under a cover glass. 
A drop of 34.37 per cent glucose solution was then placed at the edge of the cover 
glass, and a small piece of filter paper was placed at the opposite edge in order 
to pull the glucose solution under the glass by capillarity; this was repeated 
several times in order that the glucose solution under the cover glass might more 
closely approximate the stated value. It was observed that this concentration 
of glucose (ca. 34.37 per cent) caused immediate plasmol}^is of the yeast cells. 
Vacuoles which are normally large in relation to total cell volume were observed 
to decrease in volume, and the region of the tonoplast, which in turgid cells 
presented a regular elliptical or circular outline, became crenate. Solutions of 
26.7, 23.4, and 20.1 per cent glucose also brought about immediate plasmolysis, 
whereas a solution of 16.7 per cent caused only partial plasmolysis. Solutions 
of lower glucose concentration (13.4 and 6.7 per cent) induced no visible changes 
in the turgor of the cells. The solid curve in figure 2 shows that the glucose 
concentration at which inhibition of sugar utilization becomes evident is roughly 
of the same order of magnitude as that which causes plasmolysis. Yeasts nos. 
3, 28, and 31 were tested in the same way, and the following results were ob- 
tained: (1) Yeast no. 3 showed definite plasmolysis at a glucose concentration of 
23.6 per cent, slight plasmolysis at 18.88 per cent, and no plasmolysis at 14.16 
per cent. (2) Yeast no. 28 showed plasmolysis at a glucose concentration of 
18.88 per cent, very sli^t plasmolysis at 14.16 per cent, and no plasmolysis at 
9.44 per cent. (3) Yeast no. 31 yielded results similar to those obtained with 
yeast no. 28, which might be expected in view of the fact that fermentation 
Hxp^nments demonstrated that the sugar tolerances of these two strains were 
about the same. The fact that different yeasts may exhibit different turgor 
pressures is not new, having been demonstrated by Swellengrebel (1905), who 
stated that a Ddft yeast was plasmolyzed by glucose solutions cMf 0.4 to 0.5 
molar concentiration (7.2 to 9.0 per cent) and that a wine yeast was plasmolyzed 
by 1.2 molar Jducose (21.6 per cent). This investigator did not attempt to 
correlate plasmolyBis with sugar utilizatiem, however. 

From these observations we may infer that the sugar inhibitions Ofchibited are 
due at least in part to osmotic phenomena, and that if a yeast cell is placed in a 
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sugar solution of higher osmotic value than that of the vacuole contents, the 
cell would be at least partially plasmolyzed and undoubtedly would be imablc 
to function in a normal way. Microscopic examination should serve to give a 
rough index to the sugar tolerance of a yeast. However, too much dependence 
should not be placed on results so obtained, since it is difficult to detect the exact 
onset of plasmolysis with the rather crude procedure employed, which fact may 
partially explain the discrepancies that appear between the results obtained by 
microscopic examination and those obtained from actual measurements of 
sugar utilization. One could, by using proper stains and by accurately measuring 
vacuole diameters, arrive at a more nearly exact value for plasmolyzing con- 
centrations. In the final analysis, however, the fermentation method seems to 
be more suitable for the accurate determination of sugar tolerances. 

One should not overlook the possibility that the inhibition of sugar utiliza- 
tion exhibited in these studies is due lai^ely to an initial inhibitory effect on the 
yeast cell, and that if the fermentations herein described had been allowed to 
proceed for periods longer than 72 hours, the sugar utilization curves would be 
different. With regard to this possiblity, however, it should be stated that an 
alcoholic fermentation of greater than 72 hours’ duration would not be of much 
value from the industrial point of view. 

There is a further possibility that inhibition of sugar utilization by glucose in 
high concentrations is not due entirely to osmotic phenomena (Geiger-Huber, 
1935). This investigator studied the effects of varying glucose concentration 
on the respiratory rates of four yeasts, “beer yeast,” “bakers’ yeast,” Debary- 
omyces tyrocola, and an “air yeast,” and found that the optimum concentration 
for maximum respiration varied with the four yeasts. These values ranged from 
m/30 for the air yeast to m/225 for bakers’ yeasts. Since the most concentrated 
glucose solution employed by Geiger-Huber in his studies was m/6.25 (2.88 per 
cent), it is doubtful that any pla8mol}^is occurred. Also, since in the range of 
sugar concentrations from m/6.25 to m/10,000 optimal concentrations for maxi- 
mum respiration were exhibited by each yeast, it seems possible that sugars 
may exert certain effects other than osmotic ones on the yeast cell. This problem 
will bear further investigation. 


SUMMARY 

Four strains of Saccharomycea cereviaiae Hansen have been investigated, and 
it has been shown that the ability of these yeasts to utilize glucose may be affected 
by the initial glucose concentration of the medium to be fermented, and also 
that different yeasts vary in their abilities to tolerate high sugar concentrations. 

In <»der to obtain a possible explanation of the inhibition of sugar utilization 
demonstrated in fermentation experiments, the various yeast strains were 
treated with glucose solutions of different concentration in order to determine 
the emreeatrations necessary to induce easily visible plasmolysis. The results 
of these experiments indicate that the inhibition at hi^ glucose ccmcentrations 
is due, at least in part, to osmotic phenomena. 

It is suggested that a rough determination the sugar tolerance of a yeast 
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can be made simply by the use of the microscope and glucose solutions of various 
strengths. However, for accurate determinations of sugar tolerance the fermen* 
tation method is recommended. 
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Little work has been reported on oxidation-reduction potentials in the gastro- 
intogtinal tracts of men or animals, in spite of the fact that the intestines are 
known to be the site of powerful reduction processes associated particularly 
with bacterial actions occurring therein. These oxidation-reduction potentials 
may be expected to be of influence on some of the numerous chemical reactions 
taking place in the gastrointestinal tract. Besides being a reflection of the 
intensity and character of bacterial growth, the potentials may influence the 
nature and extent of such flora. 

Bergeim (1924) reported observations on the reduction of hydrated ferric 
oxide in the gastrointestinal tract imder various conditions of diet, giving a 
semiquantitative measurement of reduction intensities. Actual measurements 
of oxidation-reduction potentials were not however carried out. 

The present paper gives the results of some observations on tlie oxidation- 
reduction potentials in different parts of the gastrointestinal tract of animals as 
influenced by diet and by certain sulfonamides. 

It is, of course, realized that the potential measurements do not tell us anything 
as to the amount or exact nature of the reducing substances present and are in 
this sense preliminary in nature. They do however serve to define the usual 
limits of reduction intensity in the gastrointestinal contents and to indicate 
whether or not very small amounts at least of a given substance are likely to be 
reduced in a certain section of the tract. 

EXPEBIHKNTAIi 

Albino rats, about 150 g in weight, were fed various diets for periods of from 
a few days to several weeks. The animals were then killed and material collected 
from the stomach, the upper half of the small intestine, the lower half of the small 
intestine, from the cecum, and from the colon. Oxidation-reduction potentials 
were determined on these materials by using a bright platinum electrode (Beck- 
mann no. 1281 with 5-mm-square platinum foil checked at intervals against a 
standard quinhydrone solution) and a potentiometer (Leeds and Northrop 
4661-Al). Determinations were begun immediately after death, starting with 
the contents of the stomach and following with those of the small and then of the 
large intestine. Material was left in the organ until just before the estimaticHi 
was to be started. The st(Hnach or intestine was then cut open and the contents 
carefully squ^zed out. Determinations were made in open dishes exposed to 
air and at room temperature. The room temperature varied from 25 to 28 C. 
No temperature correction was made since such correction would have been mth- 

453 



454 


OhA.T BBROKIM, JACOB ELEINBEBO, AND E. B. XIBCB 


in the limits of error of the general procedure. Nor was an attempt made to 
correct to body temperature for the same reason, and also because such a cor- 
rection applied to the varjdng material would have been an approximation. The 
material was mixed by gently stirring. No water was added. The platinum foil 
was entirely covered by the mixture, with which the calomel electrode Wte also 
put in contact. The electrode was moved about at intervals in the material 
to avoid the measurement of merely local potentials. Little difficulty was met 
with on this score. None of the materials studied were so solid that this could 
not readily be done. Readings were taken as soon as equilibrium was reached. 
Equilibrium was regarded as the time •when no further change in reading w'as 
found on 3 to 4 minutes’ longer standing. Tliis period usually occurred after 
15 to 20 minutes, •with a shorter time for the acid gastric contents. In nearly 
all cases the readings became gradually more negative, and the most negative 
reading was taken. In a few instances, on the raw apple diet only, did readings 
gradually become more negative and then turn in a positive direction indicating 
oxidation by contact with the air. Here the most negative value obtained was 
recorded. It is possible that the oxidase of tlie apple was responsible for this 
beha^vdor. With the other diets this did not occur even in certain cases where 
contact with the air was continued for an hour or longer. Apparently oxygen 
did not readily penetrate the materials, perhaps being used up at the surface. 
The bacterial action influencing the potential continues, of course, during the 
determination. At the beginning it was thought possible that an atmosphere 
of nitrogen might be necessary for the carrying out of the determinations using 
electrodes introduced directly into the gut. In certain instances such precautions 
may be desirable, but in the present investigation we found no reason to think 
them necessary to obtain results we believe fairly representative of the situa- 
tion existing in vivo. In several instances the electrodes were introduced into 
the cecum of an animal in situ through small incisions in the wall, the animal 
being kept in a glass chamber wdth a stream of nitrogen gas being passed over the 
lower part of the body. The results were essentially the same as those obtained 
on the same material measured in an open dish. The measurements reported 
were, however, made on materials removed from the body. 

A variety of diets were used. The meat was an air-dried powdered beef. 
The bread was an average commercial fortified wlute bread dried at 40 C and 
ground to a coarse powdei. A basal diet used was 75 per cent bread and 25 
per cent meat. The diets were given ad libitum for periods of from 7 to 36 days. 
Carbohydrates were added to this basal diet in the pioportion of 100 parts of 
carbohydrates to 150 of basal diet. The starch used was com starch. The 
average results given are for three animals in a group. No wide variatiems among 
the individual animals in the groups were observed. Nor did the time the rats 
were on this diet m general have much effect after the first week, except in the 
case of the bread-meat diet with added lactose. 

Results are presented in table 1. Oxidation-reductiem pot^tials of original 
foods naixed with twice their weight of distilled water (pH 6) are also included. 

Potentials are expressed as millivolts. The sign is in accord with the European 
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convention commonly used by bacteriolo^sts and biochemists and is referred 
to the standard hydrog^ electrode. 


TABLE 1 


Oxidation-reduction potentials of the contents of the gastrointestinal tracts of rats on different 

diets 


DIET COMPOSITION 

Eh 

pH 

STOMACH 

SMALL DfTBSTllCE 

CECUM 

COLON 

Eh 

pH 

Upper 

Lower 

Eh 

pH 

Eh 

pH 

Eh 

m 

Eh 

pH 

I. 

Bread 

m 

4.6 


4.7 


6.4 

-89 

6.8 


6.1 

mi 

6.4 

II. 

Meat*bread.. . . 


4.7 

+138 

4.3 


6.2 




5,8 


6.3 

III. 

Meat 

4-184 

4.7 

+91 

4.7 


6.4 

-83 

6.6 

-237 

6.9 


7.1 

IV. 

Meat-bread 














-f- starch 

4-226 

4.9 

+149 

4.5 

-56 

6.0 

-149 

6.6 

-202 



6.2 

V. 

Meat-bread 














4- sucrose.. . 

4-228 

4.9 


4.2 

-90 

6.2 


6.4 

-122 

6.4 

-26 

6.0 

VI. 

Meat-bread 














+ dextrin.. . 

4-238 

4.9 

+96 

3.9 

-154 

6.3 

-127 

6.4 


5.2 

+36 

5.8 

VII. 

Meat-bread 














-f- glucose.. . 

4-210 

4.9 

+53 

4.8 

-179 

6.1 

-235 

6.5 


5.9 


iiWl 

VIII. 

Meat-bread 














-f- lactose 














after 13 














days 

4-224 

4.9 

+154 

6.1 

+93 

6.3 


6.5 

+164 

4.5 

+128 

4.8 


After 20 














days 

4-224 

4.9 

+168 

3.5 

-62 

5.6 

-214 

6.4 

+28 

5.2 

+78 

5.5 


After 36 














days 

4-224 

4.9 

+114 

5.3 

-96 

6.4 

-59 

6.1 

-64 

5.2 


5.6 

IX. 

Whole milk 














powder 

4-316 

6.8 

+65 

5.3 

-194 

6.3 

-179 



6.1 

-174 

6.3 

X. 

Milk powder 














4- lactose 














1:1 

mSm 

6.8 

+57 

3.8 

-139 

6.1 

-63 

6.4 

-88 

5.6 


5.5 

XI. 

Soft-curd milk 














powder 

4-212 

4.7 

+175 

4.3 

-182 

6.1 

-88 

6.2 

-183 

5.6 

-139 

6.8 

XII. 

Haw apple 

ggtyj] 

3.5 

+499 

3.2 

+114 

5.4 

+68 

7.3 


7.2 

+136 

7.4 

XIII. 

Meat-bread 














4- sulfasuxi- 














dine 1% 

4-214 

4.9 

+148 

3.9 

-154 

6.5 

-135 

6.5 

-252 

5.9 

-133 

6.4 

XIV. 

Meat-bread 














4“ sulfa- 














guanidine 














1% 

+220 

5.0 



-93 

6.8 

-158 

6.9 

-266 

6.4 

-164 

6.5 


DISCUSSION 

The diets used gave potentials of about +200. Keducing constituents of the 
diets (reducing sugars, etc.) could not therefore be responsible for the negative 
values generally found in tbe in^tanes. Such negative values must therefore 
be due primarily to products of bacterial action. In the stomach only positive 
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values were obtained, indicating in general a veiy limited bacterial action. The 
pH values in the stomach were usually such as would tend to keep down bacterial 
growth, but some bacteria usually appeared to be present in the. rat’s stomach. 
As might be expected, the most negative values were usually found in the cecum 
where bacterial action is usually most intense. Values around —200 were fre- 
quently found. 

More surprising was the fact that reduction intensities of — 100 or greater were 
not uncommon in either the upper or lower half of the small intestine. We 
did not make bacterial counts, but Porter and Rettger (1940) studied rats on a 
variety of diets and found bacteria consistently in relatively small but appreciable 
numbers in the stomach, duodenum, and jejunum, with increasing numbers in 
the upper ileum and large numbers in the lower ileum and cecum. Except on 
meat diets, LaOobacillus acidophilus types of organisms predominated. The 
number of coliform type organisms was low in the upper part of the tract but 
greatly increased in the lower ileum and cecum. Ihey also found the flora, 
though capable of change by diet, to be fairly stable under rather wide variations 
of diet. 

Our results indicate that the oxidation-reduction potentials in the contents 
of the gastrointestinal tract of the rat are fairly stable throxigh considerable 
variations of diet. Thus meat and bread diets gave rather similar results. The 
addition to bread-meat diets of large amounts (40 per cent) of starch, glucose, 
sucrose, or dextrin did not produce great changes. Lactose, however, had a 
much greater effect. Positive readings were obtained throughout the tract 
even after 13 days on this diet. After 36 days the values had shifted to the 
negative side, but reduction intensities were still definitely lower than on other 
diets. The shift was accompanied by a decrease in acidity of the cecal contents 
and probably by an increase in coliform bacteria as compared with the predom- 
inating aciduric organisms, since we have noted such changes in other animals on 
this diet. The results showing the much greater effect of lactose than of other 
carbohydrates in decreasing the reduction intensities in the tract are in agree- 
ment with the observations of Bergeim on iron reduction. The fact that this 
high lactose diet was the only diet giving rise to oxidation-reduction potentials 
deviating much from average findings, and that even here there was a gradual 
return toward this average, emphasizes the relatively constant findings even with 
widely varying diets. This is presumably in large part due to the tendency for 
a relatively constant flora to be maintained in the tract. Since rather similar 
findinp were obtained with meat and with bread diets, although the aciduric 
flora must have been greatly less on the meat diet as compared with coliform 
organisms, it seems clear also that some of the constancy of results is due 
to the fact that both types of organisms produce strongly reducing products. 
It must also be constantly borne in mind that the potentials measured do 
not indicate the quantity of reducing substances presrait. Hence a small 
number of bacteria may give rise to potaitials approaching tihose given by 
a much larger number, since evwi a relatively small amount of a strongly re- 
ducing bacterial product may give rise to lairly strong negative potential 



OXIDATIOKr-BBDCCTION POTBIfTIALS OP INTESTINAL TRACT 


457 


values. In this smse of measuring the quantity of reducing substances formed, 
a procedure of the type of the iron reduction method (where an excess of reducible 
substance is.maintained) would give more significant data, as would also oxida- 
tion-reduction titrations of the intestinal contents. The latter would also be 
essential in any study of the components of the oxidation-reduction systems 
present. The purpose of the present investigation was, however, quite different, 
i.e., to establish the general limits of oxidation-reduction potentials in the gastro- 
intestinal tract under different conditions of diet for their general bacteridogical 
interest. It was also desired to obtain data for predicting what substance might 
be expected not to be reduced in the intestines, as well as what substances might 
be expected to be reduced there if present only in very small amounts. Naturally, 
in the study of the reduction of a particular substance in the tract it may be 
desirable to make a quantitative study. 

The results with raw apple are undoubtedly influenced by the high positive 
value (+546) given by the apple itself, for which the acidity of the apple and its 
oxidase content are probably responsible. The pH values must of course be 
considered in connection with all of the findings given. It will be noted however 
that with most diets no great variations of intestinal pH are observed. 

Since sulfasuxidine and sulfaguanidine have been commonly employed as 
intestinal antibacterial agents, some alteration in potentials by these agents might 
have been expected. No such differences were, however, observed. This is 
apparently due to the fact, as shown by Light et al. (1942) and by Gant (1944), 
that whereas these drugs reduced for a time the number of coliform oiganisms 
in the intestines, there was a corresponding increase in the number of enter- 
cococci and other bacteria, so that total bacterial counts remained about the 
same. Since both t}rpes of organisms have strong reducing properties, a change 
in potentials in the intestines would therefore not necessarily be expected. 

Observations on the application of these findings to studies of the reduction 
of specific chemical substances in the intestines are being continued. Much more 
work is required to determine the exact bacteriological and chemical significance 
of such findings. 


SPMMART AND CONCLUSIONS 

Determinations were made of oxidation-reduction potentials (at different 
levels) of the contents of the gastrointestinal tract of rats on a variety of diets. 
The Eh values of the diets studied averaged about +200. Average values for 
the 8t<Hnach contents were about +150, for the contents of the upper small 
intestine around —100, for the lower smaQ intestine about the same, and for the 
cecum around —200. This is in line with the increasing number df bacteria as 
food passes downward. Widely vaiying diets, such as milk, meat, and bread 
diets, gave rather similar results. High lactose diets were most effective in 
decreasing leducing intensity. Other carbohydrates had much less effect. 
Sulfasuxidine and sulfi^anidine had litHe effect on potentials. The results 
are believed to be due in part to the fact that the flora tends to remain constant 
and also that a shift in the ratio of aciduric to coliform types of oiganisms may 



458 


OLAF BEBQEIM, JACOB KLBINBBBG, AND £. B. KIBCH 


not greatly affect the potentials since both have strongly reducing effects. The 
results may serve as a guide to more detailed studies of the reduction of various 
chemical substances in the gastrointestinal tract, and the relation thereto of 
the bacterial flora. 
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In a recent note on the transfer of red halophilic bacteria from the genus 
Serratia to the genus Pseudomonas on the basis of their marine origin, their 
flagellar arrangement, and their physiology, Lochhead (1943) states, “The 
inclusion of red, pigmented, halophilic bacteria in the genus Pseudomonas 
naturally requires a corresponding widening of the generic description." 

In the current edition of Bergey's Manual (1939), the genus Pseudomonas 
comprises “soil and water bacteria, usually producing a water-soluble pigment 
which diffuses through the medium as a bluish-green or yellowish-green pigment." 
The enlargement of this genus as suggested by Lochhead is undoubtedly de- 
sirable, and the time is perhaps at hand when the genus Pseudomonas can be put 
on a biochemical basis (at least tentatively) to include a large number of other 
chromogenic bacteria at present classified in other genera on the basis of pigment 
color. To continue to classify bacteria mainly by the color of their pigments, 
without regard to their known or probable chemical constitution, seems as 
irrational as it would be for a chemist to classify his reagents on the basL« of 
color alone. 

The suggested biochemical basis is that members of the genus Pseudomonas 
should comprise those rodnshaped bacteria which produce either pigments which 
are phenazine derivatives, r^ardless of their color, or water-soluble fluorescent 
pigments, or both. This would require a certain amoimt of chemical work be- 
fore a given species is definitively assigned to the genus, but the work would not 
be unduly onerous since the phenazine pigments (at least those already known) 
can usually be isolated in pure form without undue difficulty, and the presence 
of a phenazine nucleus in the molecule demonstrated by destructive distillation 
with zinc dust or by other methods of strong reduction. The ultraviolet ab- 
sorption spectra of the phenazine pigm^ts are also characteristic. The water- 
soluble fluorescent pigments are readily demonstrated by inspection of the culture 
concerned. As a tentative basis, rod-shaped bacteria might be classed in 
Pseudomonas if tiiey produce water-soluble pigments of any color, particularly 
if the pigments vary in color under different conditions of pH and of oxidation 
and reduction, and can be extracted from alkaline solution with chloroform. 

Such an approach would lead to a much more rational classification from a 
physiological pdht of view, since the phaiazine pigments (and possibly the 
fluorescent pigments) iq)parenriy play a significant part in the life of the bacteria 
which secrete them, altiiough their exact role is not yet entirely clear. Ac- 
cording to Kramer (1935), Mcllwfun (1941), Schoental (1941), Singh (1942), 
and oliieis, &e phenarine pigments are of possible functional value in anti^o- 
nizing the grow^ of competing organsims. According to Stheeman (1927), 

4W 
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Elema (1931), Friedheim (1931, 1932), Reed and Boyd (1933), and others, the 
phenazine pigments are apparently involved in the oxidation and reduction 
processes of the bacteria which produce them. 

Two pigments of species at present classed as Pseudomonas have been chem- 
ically investigated in detail and have proved to be phenazine derivatives. The 
pigment pyocyanine from Pseudomonas aeruginosa {Bacillus pyocyaneus) is a 
quinoid complex consisting of two oxidized molecules of l-hydroxy, 5-hydro, 
10-methyI phenazine (Wrede and Strack, 1929), whereas chlororaphine from 
Pseudomonas Mororaphis {Bacillus chlororaphis) is a quinhydronelike complex 
of phenazine-l-carboxamide and dihydrophenazine-1 -carboxamide (K6gl and 
Postowsky, 1930). In addition, the violet, water-soluble pigment of the so- 
called Chromohaderium iodinum described by Davis (1939) was demonstrated 
to be 1 ,2-dihydroxyphenazme-9,10-di-lV^-oxide by Clemo and Mcllwain (1938). 
Since the pigment is distinctly different from violacein, the water-insoluble 
pigment of Chromobaderium violaceum {Bacillus violaceus), which appears to be 
a pyrrole or indigo derivative of high molecular weight (Tobie, 1938), we have 
already suggested that C. iodinum be reassigned to the genus Pseudomonas under 
the name of Pseudomonas clemoi or P. iodina (Tobie, 1939). 

In addition to the bacteria at present classed in Pseudomonas, there is a lai^e 
number of chromogenic bacteria having pigments whose properties strongly 
suggest that they are or may be phenazine derivatives. Among these are Bacillus 
polychromogenes (Chamot and Thiry, 1900), Bacterium {Chromobaderium) 
viscofucatum (Harrison and Barlow, 1905), Bacterium coelicolor (Muller, 1908), 
Flavobacterium lasseuri {Bacillus le mormieri, Lasseur, 1913), Serratia anolium 
(Duran-Reynals and Clausen, 1937), and many others. As rapidly as chemical 
work demonstrates a phenazine nucleus in the pigment molecule, such organisms 
should be reassigned to the genus Pseudomonas. 

On the other hand, the proposed reclassification would exclude certain bacteria 
from the genus Pseudomonas. Among these is the so-called Pseudomonas 
beijerinckii, the insoluble purple pigment of which appears to be the calcium or 
magnesium salt of tetrahydroxyquinone (Kluyver et al., 1939). Another is 
possibly Bacillus indigoferus Voges, studied under the name of Pseudomonas 
indigofera by Elazari-Volcani (1939), the water-insoluble, blue pigment of which 
was found to differ considerably from indigo. Possibly this organism should 
be retained under the genus Chromobaderium in which it is at present tentatively 
classified in the Bergey system (1939). Whenever an organism classed as a 
Pseudomonas is foxmd to have a nonphenazine or nonfluorracent pigment, it 
should be placed in a different or even in a new genus. The generic designations 
Qvinobaderium or Phenobaderium might be used for bacteria the pigments of 
which are quinoid or phenolic respectively. 

Organisms of the Pseudomonas fluorescens group (producmg water-soluble, 
greenish, fluorescent pigments) are retained tinder the genus Pseudomonas in 
the proposed reclassification, since they are very closely related in cultural 
characteristics to the organisms producing phenazine pigments. The relation- 
ship (if any) between the fluorescent pigmoits and the phenazine pigments is 
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still obscure. According to Turfreijer et al. (1938), the green fluorescent pigment 
of F. fluorescens has the apparent formula C 82 H 41 O 8 N 7 , although the nucleus of 
the molecule was not determined. Turfitt (1936, 1937) presented evidence that 
the fluorescent pigments of P. aeruginosa^ P. fluorescens var. Uquejaciens^ and 
P. fluorescens var. nonliquefaciens may be identical in chemical composition. 
Many organisms of the present genus Phytomonas (plant pathogens) of the 
Bergey system closely resemble the Pseudomonas fluorescens group on the pro- 
duction of a green, water-soluble, fluorescent pigment. Since pathogenicity 
is not a very satisfactory taxonomic criterion, it is suggested that such fluorescent 
plant pathogens might well be included in the genus Pseudomonas. 

SUMMARY 

It is suggested that the genus Pseudomonas should comprise those rod-shaped 
bacteria which produce water-soluble phenazine pigments, regardless of the 
color of the pigments, or water-soluble, fluorescent pigments, or both. Since 
these pigments apparently have a significant r61e in the life of the bacteria which 
secrete them, the proposed classification would be much more rational from a 
biochemical and physiological point of view. Bacteria producing pigments of 
a demonstrably different chemical nature should be excluded from the genus 
Pseudomonas. 
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After the introduction of phenols of high germicidal potency as disinfectants, 
various laboratories began to experience discrepancies in results obtained by 
the F. D. A. phenol coefficient procedure. These variations were particularly 
marked when the test organism, Staphybcoccus aurem, was used. The increased 
demand for disinfectants and antiseptics for war use and the increased emphasis 
on S. aureus as a test organism have caused these variations to become more 
evident and important. 

The U. S. Food and Drug Administration (1931) established an official pro- 
cedure for the phenol coefficient test. Liebig’s beef extract and Armour’s 
special peptone were specifically designated as components of the culture medium 
for the test organisms, Eberihella typhosa and S. aureus. At the present time, 
Liebig’s beef extract is practically unobtainable. 

Wright (1917) and Reddish and Burlingame (1938) have shown that different 
brands of peptone used in the culture medium may cause differences in coeffi- 
cient values. Brewer (1943) demonstrated that different lots of the same brand 
of peptone caused as much as 100 per cent variation in phenol coefficient values. 

The English workers, Gladstone (1937), Knight (1937a, 1937b), Richardson 
(193G), and Fildes cl al. (1936) liave proved that S. aureus can grow in a synthetic 
medium in wliich amino acids furnish the sole source of nitrogen with the excep- 
tion of that contained in the added growth factors. However, the use of the 
amino acids as a source of nitrogen is rather expensive, and, in some cases, their 
sterilization is laborious. 

Woolley and White (1943), in a study of microbial inhibition of several organ- 
isms including S. aureus, used an acid hydrolyzate of casein (“casamino acids’’^ 
as the main source of nitrogen for bacterial growth. The complete medium is 
as follows: glucose, 0.25 per cent; KjHPOi, 0.60 per cent; NaCl, 0.26 per cent; 
casamino acids (Difeo), 0.25 per cent; f(— )tryptophane, 25 mg per L; uracil, 
5 mg per L; niacin, 1 mg per L; thiamine, 0.01 mg per L; biotin, 0.001 mg per L; 
and 2.6 ml per L of salt solution (Snell and Strong, 1939). 

As this medium seemed to have promise of being more nearly reproducible 
than the F. D. A. peptone medium, it was used as a starting point in this study. 
The various componfflits of the mixtiu^ were studied in order to find which were 

* Mr. H. G. Dunham of the Difeo Laboratories, Detroit, Michigan, kindly supplied the 
“casamino acids’’ for this study. A chemical analysis furnished to us by the Difeo Labora- 
tories is as follows: ash 42.4 per cent, NaCl 39.0 per cent, total nitrogen 8.0 per cent, amino 
nitrogen 6.0 per cent. 
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essential for supporting growth and maintaining proper resistance of the test 
organisms to phenol. 


PROCEDURE 

S, aureus was used in preference to E, iyphosa in establishing the test medium, 
as the former organism is more exacting in its requirements for growth. 

Smyth (1934) has observed the variations in resistance of S. aureus to phenol 
caused by such factors as differences in age of culture, temperature of incubation, 
and size of inoculum. Care was taken, therefore, to control these factors as 
closely as possible. A mercury thermoregulator was used in controlling the 
temperature of incubation between 38.1 and 38.3 C. Transfers were made at 
the same time each day, followed by determinations of resistance to phenol of 
the 24-hour cultures. Resistances were run daily, except Sunday. 

One culture of S, aureus, no, 209, was obtained directly from the F. D, A. 
collection, and eight substrains of this culture were furnished by laboratories 
actively interested in the testing of germicides. Three substrains, arbitrarily 
identified as nos. 7, 8, and 9, were used in preliminary studies, since these cultures 
were available at the time the work was started. 

THE EFFECT OF VARIOUS COMPONENTS OP THE MEDIUM ON 
RESISTANCE TO PHENOL 

Vitamins. The English school of workers found early in their study of the 
nutrition of S. aureus that a supplement containing unidentified vitamins was 
needed in addition to the known components of the medium. Knight (1937a, 
1937b) first resolved the supplement and found that thiamine, or its pyrimidine 
and thiazole components, along with niacin could substitute for the vitamin 
complex which had previously been used. 

In view of this work, only thiamine hydrochloride and niacin were included 
in our test mediums. However, the concentration of thiamine was increased 
from 0,01 mg per L to 1 mg per L, the concentration suggested by Brewer (1942) 
The latter author reported that an increased concentration of thiamine helped 
to increase the resistance of S. aureus. 

Although Porter and Pelczar (1940) reported that certain strains of S. aureus 
required biotin to initiate growth, and that growth already initiated was more 
luxuriant in the presence of increased amounts of biotin within certain ranges, 
the F. D. A. no. 209 strain did not require added biotin under the conditions of 
our test. 

Glucose. Since Woolley and Whitens (1943) medium, as well as the synthetic 
medium developed by the English workers, contained glucose, the question 
arose whether this compound would be required imder the conditions of our test. 
Preliminary study indicated that preformed glucose was not required and, 
therefore, was not included in later experiments* 

inorganic salts. Snell and Strong’s (1939) salt solution contains MgSOi • 7 H 2 O, 
FeSOi ' 7 H 2 O, MnS 04 • 4 H 2 O, and NaCl. The NaCl of this solution was omitted, 
since this quantity is insignificant in comparison with that supplied by the 
casein hydrolyzate. 
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pH of the medium. The F. D. A. procedure calls for a medium in the pH 
range of 6.8 to 7.2, as this is probably within the optimum range for growth 
(Zinsser and Bayne-Jones, 1937). The results of table 1 indicate that the 
resistance of substrains 7 and 9 grown at pH 6.5 is distinctly lower, whereas that 
of substrain 8 is somewhat less than that obtained with the same organism 
grown at pH 7.5. All subsequent mediums were adjusted to a pH range of 
7.2 to 7.4. 

l{—)Tryptopkan€. Although Fildes and Knight (1933) found that S, aureus 
required a tryptophane supplement when cultured in a gelatin hydrolyzate, 
Gladstone (1937) reported that 21 out of 25 strains of S, aureus were able to 
grow in an amino acid medium devoid of tryptophane. Gladstone did not 
include strain 209 in his tests. 


TABLE 1 

Effect of pH on resistance to phenol of Staphylococcus aureus ^ no, 209 


SUBSTKAIN 

pH 

rsEQUENcy or xesistance to phenol 

1:60 

1:60 

4 

1:65 

1:65 

4 — 

1:70 

44- 

1:70 

4 

7 

6.5 




1 

14 

7 

8 

6 5 

2 

5 

6 

5 

1 


9 

6.5 




5 

14 

1 

7 

7.5 



14 

4 



8 

7.5 { 

5 

5 

6 

1 

1 


9 

7,5 


6 

8 

3 

1 



Frequency of resistance to phenol dilutions in this and subsequent tables represents the 
number of times that the indicated resistance was obtained during the course of the ex- 
periment. 

4* indicates growth, ~~ indicates no growth, after exposure time intervals of 5, 10, and 15 
minutes in the respective sequence of the signs. Incubation for growth, 48 hours at 37 C. 

Because of the limited supply of casein hydrolyzates, subcultures from all test solu- 
tions were made in F.D.A. medium. 

Three substrains of S. aureus 209 were cultured in two mediums which were 
identical except for their tryptophane content. In the one case Z( — )tryptophane 
was added to the medium. The casein hydrolyzate did not contain detectable 
amounts of tryptophane according to information furnished by the manufacturer 
(Dunham, 1944). 

Table 2 shows that tryptophane is not required for the proper maintenance 
of resistance to phenol. In fact, the substrains tested seem to be more resistant 
in the absence of tryptophane. Hence, the F. D. A. strain of S, aureus would 
appear to belong to the group of staphylococci which does not require preformed 
tryptophane. At least, the required concentration is less than that detected 
by chemical analysis. 

Uracil requirement, Richardson (1936) reported that S. aureus required 
uracil when grown anaerobically upon a mixed amino acid medium containing 
the other required accessory growth factors. However, he found that cultures 
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of both E. iypkosa and S. aurew synthesized uracil when grown under aerobic 
conditions. It was, therefore, of interest to see whether uracil was required 
for growth and resistance under the conditions of our test. Table 3 presents 
experiments in which the effect of uracil was studied. A comparison of each of 
the three substrains grown in the two mediums indicates that although growth 
takes place in the absence of uracil, its presence improves the reristance of the 
organisms. 

In view of these findings, uracU has been included in subseqiient studies. 

TABLE 2 


Effect of l(—)tryptophane on resistance to phenol of Staphylococcus aureus, no. t09 


SOBSTIAIN 

/(~)nyFTOPBANl 

nXQUBNCY Of BSS 18 TANCE TO PHENOL 

1:60 

++- 

1:60 

H 

1:65 

1:65 
+ 

1:70 

1:70 
+ — 

7 

25 mg 

2 

11 

1 


4 

16 

8 

25 mg 

6 

20 

6 1 

3 



9 

25 mg 

3 

10 


16 

2 

1 

7 

No added tryptophane 

3 

8 

3 

12 

12 

10 

8 

No added tryptophane 

23 

86 

9 

13 



9 

No added tryptophane 

1 

12 

7 

9 

4 



TABLE 3 

Effect of uracil on resistance to phenol of Staphylococcus aureus, no. 909 


SOBSTKAIN 


PBEQUENOr Of lESISTANCZ TO PHENOL 

1:60 

mm 

1:65 

i 


1:70 

7 

Uracil 5 mg/L 

3 

8 

1 



8 

Uracil 5 mg/L 

23 

86 

9 

13 


9 

Uracil 5 mg/L 

1 

12 

1 

3 


7 

No added uracil 



2 

14 

4 

8 

No added uracil 

1 


4 

8 

1 

9 

No added uracil 

2 

6 

8 

1 



Effect of casein hydrolyzate concentration. Culture 8 was chosen for evaluation 
of the amoimt of casein hydrolyzate to be used because it would decrease the 
labor of testing and because this substrain had been rather consistent in its 
resistance to phenol in previous experiments. 

The results, as illustrated in table 4, indicate that a concentration of 0.5 per 
cent of the casein hydrolyzate is optimum for obtaining the proper resistance to 
phenol. At a lower concentration (0.25 per cent) the resistance to phenol was 
lowered (lot S14310 is an exception in that there is little difference), whereas 
at a higher concentration (1 per cent) the resistance of the cultures is similar 
to that obtained in the presence of 0.5 per cent casein hydrolyzate. 























ACID CASEIN HYDROLYZATE IN TESTING DISINFECTANTS 


467 


TABLE 4 


Effect of concentration of casein hydrolyzate of Staphylococcus aureus^ no. SOQ, suhstrain 8 


CONCENTMATION 
0» CASEIN 
ByDXOLYSATB 

LOT NO. 

ftBOTTENCY OF EBSIBTANCE TO PHENOL 

1:55 
+ — 

1:60 

1:60 
+ 

1:65 

+4— 

1:65 
+ 

per cent 

1 






0.25 

S14310 


23 

86 

10 

18 

0.60 

S14310 


22 

67 

2 

16 

0.38 

46127* 


2 


2 

3 

0,76 

46127 

10 

8 


1 


1.00 

46127 


7 




0.25 

46513 



4 

4 

6 

0.50 

46513 


14 

51 

3 

5 

1.00 

46613 


4 

8 

4 

2 

0.50 

46809 

23 

6 

26 

7 


1.00 

46809 

2 

2 

11 

2 

1 


* 0.38% of this technical lot is equivalent in nitrogen to 0.25% of the purified lots. 


TABLE 5 


Effect of various lots of casein hydrolyzate on resistance to phenol of 
Staphylococcus aureus, no. 809 


SUB- 

6TEAIN 

i 

CASEIN BTDBOLTEATE LOT NO. 

FEEQUENCY OF XSSI8TANCE TO PHENOL 

1:55 

4 - — 

1:60 

4 - 4 "— 

m 

1:65 

4 - 4 — 

1:65 

4 - — 

8 

S14310 


22 

67 

2 

16 

8 

46127 (tech) 

10 

8 

20 

1 


8 

46513 


14 

51 

3 

5 

8 

46809 

23 

6 

26 

mm 


8 

1.0% Peptone* (F. D. A. Control) 


10 

37 

Hi 

17 


^ Armour’s peptone, lot 2005B. 


The results of these studies justified the use of the following formula in deter- 
mining the reproducibility of various lots of the casein hydrolyzate: 


KtHP04-3H,0 3.0 g 

Casamino acids 5.0 g or N equivalent in technical lots 

Salt solution”* 2.5 ml 

Uracil 5.0 mg 

Thiamine hydrochloride 1 . 0 mg 

Niacinamide 1.0 mg 

H.0 IL 


pH adjusted to 7.2 -7.4 

• fio g Mg804-7H.0 ] 
jo.5 g FeSO.'THiO [ per 2S0-ml eolation 
(0.5 g MnSO<-4HiO] 
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Table 5 includes the resistance obtained with four lots of hydrolyzate along 
with F, D. A. medium as a control. The results illustrated in this table indicate 
that the various lots of casein hydrolyzate produced cultures with resistance to 
phenol as great or greater than that of organisms cultured in F. D. A. medium. 

The differences in resistance to phenol caused by the four lots of hydrolyzate 
are noticeable, cultures grown in lots 46127 and 46809 being the most resistant. 
However, this difference in resistance is not marked, particularly when one 
considers the variation obtained in the case of any one medium alone. 

At the time of these experiments lot 2005B was the only official test lot of 
peptone available. Although organisms cultured in this particular peptone 
had a resistance similar to cultures grown in the casein hydrolyzate, it has been 

TABLE 6 

Resistance of substrains of Staphylococcus aureus, no, 209 groum, in the same medium 


SUBSTRAIN 


TKEQUENCT OJt SESISTANCE TO PEENOI. 


1:55 i 

+ , 

1:60 

++- { 

1:60 I 

+ 

1:65 

1:65 
+ 

7 

0.76% casein hy- 


3 

15 


3 

8 

drolyzate lot 

10 

8 

20 

1 ; 


9 

46127 

11 

3 1 

9 



10 




1 

5 

19 

12 



1 

5 

6 

15 

13 


14 


4 


6 

14 



6 

23 

1 


15 



3 

10 

3 

7 

8 

F.D.A. medium 


10 

37 

10 

17 

10 

(control) 1 .0% 


1 

13 

1 


11 

Armour^s pep- 




1 

4 

12 

tone lot 2005B 



9 

1 

1 

13 



11 

2 

i 


14 





i 9 

5 

15 



1 

12 

1 



our experience in the past to have official lots of peptone which produced cultures 
that were less resistant to phenol. Often it has been difficult to obtain a culture 
which would resist phenol at a dilution of 1:70 for more than 6 minutes. 

Substrain 8 has been cultured m the medium containing casein hydrolyzate, 
lot S14310, for a period of nearly eight months and has continued to give a 
satisfactory standard of resistance to phenol. 

Continued transfer in the new medium tends to produce cultures which are 
not so granular as those frequently experienced with the F. D, A. medium. 

VARIATION OP BUBSTliAINS OF S. AURUtTS, F. 0. A. NO. 209 

It soon became evident in the course of this study that the variations between 
substrains of S, aureus would have to be taken into account. Several substrains 
were cultured in the same medium under identical conditions, and determinations 
of resistance of 24-hour cultures to phenol were made (table 6). Resistances 
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obtained in the case of the F. D. A. medium are included in order to demonstrate 
that the substrain variation is not peculiar to the medium containing 
the hydrolyzate. 

These results show that the substrains vary considerably in their resistance 
to phenol regardless of the medium in which they are grown. Certainly the 
need for closer control of the test organism as well as the need for a reproducible 
medium is emphasized. 


TABLE 7 


Phenol coefficients versus Staphylococcus aureus, no. £09 substrain 8, cultured in F. D, A. and 

experimental medium 


1. D. A. MEDIUM 

(CASEIN HVDBOLYZATE 

Date dctmn. I 

1 Phenol coef. 

1 Date detmn. I 

1 Phenol coef. 


Orthopbenylphenol 


4/21/44 

21 



4/22/44 

19 



5/ 6/44 

20 

6/ 6/44 

20 

5/ 8/44 

23 



5/11/44 

22 

5/11/44 

22 



8/ 7/44 1 

1 

20 


Chlorinated orthopbenylphenol 


4/20/44 

110 



4/22/44 

115 

5/ 2/44 

100 



5/ 2/44 

100 

5/ 3/44 

90 

5/ 3/44 

90 



5/ 9/44 

100 

6/17/44 

95 

5/17/44 

110 


COMPARISON or PHENOL COErPICIENTS OBTAINED WITH CITLTURES GROWN IN 
r. D. A. MEDIUM AND MEDIUM CONTAINING THE CASEIN HYDROLYZATE 

Table 7 illustrates the results obtained in phenol coefficient tests obtidned 
with iS. aureus grown in F. D. A. medium and the experimental medium. Only 
those tests in which standard resistance (Ruehle and Brewer, 1931) was obtained 
are included in this table. 

Two compounds, orthopbenylphenol and chlorinated orthopbenylphenol, 
were used to represent phenols of low and moderately high germicidal potency, 
respectively. 

Variation arising from differences in pH of the phenol dilution imder test 
was controlled by maldng up a large quantity of each test dilution of the sample. 
Aliquots of each dilution were then used for the phenol coefficient determination 
with each of the cultures grown in the two mediums. The sample dilutions were 
few enough so that both culture were tested in the same experiment. These 
facts help to explain the close agreem^t between the results obtained with 
the two test meffiums. 
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The variation obtained with organisms grown in the same medium but tested 
at different times is greater than the variation obtained in tests with organisms 
cultured in the two mediums. 

RESISTANCE TO PHENOL OP E. TYPHOSA CULTURED IN THE MEDIUM CONTAINING 

A CASEIN HYDROLYZATE 

Since E. typhosa is more widely used as a test organism than S. aureus in the 
evaluation of disinfectants, its resistance to phenol was studied after growth 
in the experimental medium. Table 8 illustrates the resistance of E, typhosa 
(A. T. C. C. 6539) to phenol obtained in three experiments. 

Organisms grown in casein hydrolyzates, lots 46127 and 45076, had a resist- 
ance to phenol which was relatively consistent. After 10 to 15 transfers in 
these mediums, the resistance was less variable and the cultures retained the 
pearly sheen characteristic of cultures newly transferred to F. D. A. broth. The 
third lot, 44610, yielded organisms which were rather variable although this 
lot was prepared in a manner similar to the other two lots. 

It is imfortunate that a study of the resistance of a culture grown in F. D. A. 
medium was not carried out parallel %vith the study of the experimental medium. 

TABLE 8 


Resistance to phenol of Eberthella typhosa cultured in experimental medium 


ORGANISM 

NO. 07 CASRXN 
BYDROLYZATB 

1:90 

1:90 
+ 

1:95 

1:95 
+ 

1:100 

1:100 
+ 

A.T.C.C. no. 

0.76% 46127 



9 

25 



6539 

0.76% 44610 

3 



4 


1 


0.76% 46076 




22 




However, it has been our experience that E, typhosa cultures grown in F. D. A. 
medium often become granular and resistant to phenol after continued transfer 
for two or more weeks. It is not uncommon to have cultures which survive in 
a 1 :80 dilution of phenol for five or more minutes. 

DISCUSSION 

This work was initiated by the desire to eliminate some of the variation 
obtained in the testing of germicides by the F. D. A. test procedure. The 
official procedure requires that the test organism be transferred from an agar 
slant to F. D. A. broth at least once each month. Presumably this requirement 
is necessary in order to maintain standard resistance to phenol. However, the 
initiation of a broth culture every month from a new agar slant is a source of 
variation in itself as it is difficult to obtain exactly duplicate cultures of S. aureus 
from different slants. On the other hand, by using a reproducible liquid medium, 
cultures ori^nating from the same source and of proper resistance can be main- 
tamed for relatively long periods of time. Indications obtained from work 
with the casein hydrolyzate are that continued transfer for six months would 
be entirely possible. One culture which has been transferred daily in the experi- 
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m^tal medium for about eight months has had a resistance reading of + ± — 
against phenol at dilutions of 1:60 or 1:65 in 140 of the 154 times in which 
resistances were determined. 

The F. D. A. procedure also requires that test cultures of S. aureus must 
‘‘survive a 1:60 dilution of phenol for 5 minutes and a 1:70 dilution for 15 
minutes.” The data already presented indicate that some variation in resist- 
ance is unavoidable. Furthermore, this variation occurs with cultures carried 
in either F. D. A. medium or in one of comparatively simple composition. How- 
ever, the variation is not too great, and determinations made in this laboratory 

indicate that organisms giving a reading of H against a 1:65 dilution of 

phenol give phenol coefficients within experimental range of those obtained 

with the organisms exhibiting the reading of H in the presence of a 1:60 

dilution of phenol. Those familiar with the testing of germicides will recall 

that it is not unusual to obtain readings of H in the presence of phenol 

at 1:60 and -h-f-l- or + + — at a dilution of 1:70. 

Therefore, it seems justifiable to consider whether or not the single resistance 
standard of the official test is too narrow. Certainly it has failed to accomplish 
the constancy of results desired. Greater latitude of the standard with insistence 
upon conformity of all broth cultures within its limits might well offer a more 
satisfactory criterion. 

The variation in resistance of substrains of S. aureus, F. D. A. no. 20Q, now 
being used by different laboratories, introduces a variable quite as important 
as the medium in which the test organism is cultured. The differences in resist- 
ance to phenol shown by the nine substrains when checked in our laboratorj'^ 
under similar conditions undoubtedly reflects greater variations to be expected 
of tests carried out in different laboratories. These differences might be lessened 
if only one laboratory maintained the stock test culture. In this case those 
interested would turn directly to the central source for organisms as the need for 
renewed cultures arose. Since it has been shown that cultures of E. typhosa 
and S. aureus can be carried for extended periods of time with little variation, 
the inconvenience of obtaining culture from a central laboratory would be 
outweighed by the assurance of working with an organism of reproducible 
resistance. 


SUMMARY 

A medium has been developed which contains acid-hydrolyzed casein and 
uracil as the main source of nitrogen. Cultures of both EbertheUa typhosa and 
Staphylococcus aureus grown in this medium maintain a resistance to phenol 
equal to or greater than that obtuned with currently available F. D. A. peptone 
medium. 

Diffi»«it lots of the casein hydrolysate were found to serve equally weU in 
supporting cultures with suitable and ccHudstent resistance to phenol. 

One substrain of Staphylococcus aureus, F. D. A. no. 209, has been transferred 
daily in the new medium for a period of dght months. Checks on the resist- 
ance of the organism to phenol have shown it to vary within relatively small 
limits. 
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Daughter cultures, grown in F. D. A. medium and the experimental medium 
and having the same resistance to phenol, gave the same results in phenol 
coefficient tests. 

Nine substrains of Staphylococctis aureus, F. D. A. no. 209, were found to 
vary rather widely in their resistance to phenol when cultured in either F. D. A. 
medium or the medium containing the casein hydrolyzate. 

Suggestions are offered to the effect that variations in germicidal testing 
other than those resulting from the immediate effect of differences in medium 
might be diminished by (a) the closer control and standardization of the test 
organism by a central laboratory, (b) the maintenance of test cultures in a 
reproducible liquid medium for periods extending into several months, and (c) 
the recognition of constancy of resistance as well as the attainment of a particular 
standard as a criterion in the evaluation of suitable test organisms. 
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Much work has been done on the environmental factors which affect the 
formation of endospores by members of the genus BaciUus. The literature on 
this subject was adequately reviewed by Brunstetter and Magoon (1932). 
Other reports not mentioned by these authors, or which appeared since the 
publication of their paper, are those of Williams (1930-31), Cook (1931), Bayne- 
Jones and Petrilli (1933), Fabian and Bryan (1933), Roberts (1934), Greene 
(1938), Roberts and Baldwin (1942), and Hayward (1943). The environmental 
factors that have been investigated are the following: the temperature of incu- 
bation; the composition of the medium with respect to type and concentration 
of gross nutrients and salts (particularly cations, including the concentration 
of hydrogen ion), and the presence of nutrilites; the accumulation of by-products 
of metabolism; the concentration of molecular oxygen; desiccation of the medium 
(Darinyi, 1927) ; finally, the stage of development of the culture with reference 
to the “growth cur\'e” (Henrici, 1928). 

There seems to be agreement that the temperature interval for endospore 
formation is shorter than that for growth, that the minimum oxygen concen- 
tration for sporulation is higher than that for growth, and that optimum condi- 
tions for growth and sporulation are the same. There is little agreement on 
anything else. The old argument on whether the formation of endospores is 
due to exhaustion of the medium (Buchner, 1890) or whether it is caused by 
the accumulation of the by-products of metabolism (Ijehmann, 1888; Migula, 
1904) has not yet been settled. Having observed that the percentage of spores 
produced by BadUtis mycoides in aerated peptone solutions increased as the 
concentration of peptone decreased, and that the opposite was true for BaciUus 
fusiformis, Brunstetter and Magoon (1932) concluded that “both the amount 
of available food and the amount of metabolic products in the environment are 
of great importance in determining the extent of sporulation by B. mycoides . . . ,” 
whereas with BaciUus fusiformis “the accumulation of metabolic products 
seemed to be of much more importance than the food supply.” The report of 
Cook (1931) that BaciUus 8id)tilis forms spores only in the pH interval between 
6 and 7 was contested by Fabian and Bryan (1933), who reported spore formation 
between pH 5.0 and 7.6. Williams (1929) was unable to get satisfactory spore 
yields with BaciUus svdttUis in several synthetic media, whereas Roberts (1934) 
reported 60 to 70 per cent endospores of the same species, within 5 days, in a 
relatively simple B 3 mthetici medium, compared to less than 30 per cent in 1 per 
CMit peptone solution. Hasrw'ard (1943) found no beneficial effect on the 

473 



474 


GEORGES KNAYSI 


sporulation of Bacillus suhtiUs from the addition of thiamine, nicotinic acid, 
pantothenic acid, riboflavin, pyridoxine, or biotin to nitrogen-free casein hydroly- 
zate; a slight stimulation was attributed to inositol. 

The present investigation shows that most, if not all, of the environmental 
factors mentioned above are so interdependent that no true picture of the 
circumstances that control sporulation can be obtained without knowledge of 
this relationship. 


ORGANISM AND TECHNIQUE 

The organism used in this work is strain C 2 of Bacillus mycoides previously 
classified in this laboratory by Lamanna (1940). 

In the early stages of this investigation, we used still and aerated liquid 
cultures, and the numbers of vegetative cells and endospores in a ml of culture 
were counted, after the proper dilution, by a modification of the method described 
by Knaysi and Ford (1938). Cultures intended for aeration had a volume of 
40 ml and were grown in test tubes 260 mm long and 22 mm in internal diameter. 
Air was drawn by suction through glass tubes 4 mm in internal diameter. Cul- 
tures grown in the same medium were usually connected in series by means of 
rubber tubes. Sterility of the air was insured with cotton plugs in the glass and 
rubber tubes. In view of the fact that some of these experiments had to be 
run for a relatively long time, the air was passed through two bottles of distilled 
water, connected in series, before admission to the cultures, thus protecting the 
medium from evaporation. We also used slant cultures and estimated the 
relative numbers of vegetative cells and endospores in wet smears taken from 
the central area of the surface of the slant. 

Although we gained considerable information from this early work, we soon 
realized that its results were both rough and limited in value. It is true that 
in aerated, liquid cultures environmental conditions are fairly uniform, but the 
great sensitivity of the process of sporulation to molecular oxygen requires a 
constant rate of aeration, which is very difficult to accomplish even in tubes 
connected in series. We have reasons to believe that wide variation in the rate 
of aeration may even be injurious. The inaccuracies of our method of estimating 
the proportions of vegetative cells and endospores in slant cultures are too 
obvious to merit discussion. 

Our early experience indicated that there is no hope of getting reliable quanti- 
tative information on the relation of various factors, other than oxygen supply, 
to the process of sporulation except by eliminating the possibility of oxygen 
shortage. This meant the use of agar slant cultures under a relatively large 
air atmosphere. We also realized that uniform results can be obtained only 
when the medium is relatively dilute, not because a more concentrated medium 
is per se detrimental to the formation of endospores, as is stated by all students 
of the problem (cf. Henrici, 1928; Williams, 1930-^1; Brunstetter and Magoon, 
1932), but because greater concentration of nutrients means greater density of 
population and, consequently, less oxygen per cell; furthermore, complex culture 
media, particularly those containing sugars, compete with the cells for oxygen, 
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and this competition increases with the concentration of the medium. In the 
case of slant cultures, greater concentration of nutrients means a thicker layer 
of growth, and cells below the surface must either live anaerobically or enter a 
resting stage, or perish. In most of this work, therefore, we used the following 
medium: 100 ml of meat infusion of J strength + 0.25 g of tryptone + 15 g of 
agar; pH 7.0~7.2. When glucose was needed, 0.25 g of that sugar was added. 
The medium was slanted in 5 ml portions in test tubes 150 mm long and 22 mm 
in internal diameter. After hardening of the agar, the tubes were allowed to 
stay in the laboratory for a couple of days, and were then inverted and left 2 
more days to remove any free liquid. They were then inoculated ver>^ lightly 
with a pure spore suspension of the organism; we were careful to spread the 
inoculum over the entire surface of the slant. 

In studying the effect of moisture, the inoculated slant was inverted, after 
removal of the cotton plug, in a sterile, large test tube (205 mm long and 36 mm 
in internal diameter) over 5 to 8 ml of the moisture-controlling agent or solution, 
and was supported with a glass plate of the proper dimensions, so that the atmos- 
phere of the culture tube and that of the outside tube were continuous. The 
outside tube was closed with a sterile rubber stopper. 

Unless othen\dse stated, all cultures were incubated at 33 C. 

The numbers of vegetative cells and endospores in slant cultures were counted 
by a modification of the method described by Knaysi and Ford (1938). After 
receiving a definite volume of water, the slant was melted in flowing steam. In 
almost all instances, this heating followed by moderate shaking dispersed the 
vegetative cells and spores singly or an very small groups. A portion of the 
suspension was then used for colorimetric determination of pH, and another 
portion was used for counting, or for further diluting before counting; 0.01 ml 
of the proper dilution was placed on a glass slide and immediately covered with 
a square cover glass, 12 x 12 mm. The preparation was then very carefully 
sealed with “vaspar” (50 parts of vaseline + 50 parts of paraffin) to prevent 
currents. Diluting with the agar gelatin described by Knaysi and Ford wuuld 
have made the use of vaspar unnecessary, but we found the present technique 
sufficiently accurate and more convenient. Similar preparations were also 
used for counting liquid cultures. In the latter case, we resorted to heating 
only when the culture was actively motile, or when the pellicle was not easily 
dispersed. In rare cases we had to use acid or alkali in order to obtain complete 
dispersion. 

It is needless to emphasize* that the preparations we used for counting are 
much superior to those involving diying, staining, differentiating, and restaining. 
Dried smears are never of uniform thickness, and repeated washing undoubtedly 
removes many vegetative cells and spores. Furthermore, spores in incipient 
germination, incompleted spores, and shells often indicate a definite condition 
in the culture; in stained smears, these would stain as vegetative cells or not 
at all. In our own preparations, these forms are recognizable, and all elements 
of the suspension are remarkably well distributed. Indeed, the greatest error 
of our method is that of sampling because of the minute volume measured and 
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the small bore of the pipette. Greater accuracy can probably be attained by 
the use of a 0.05 ml pipette of a relatively large bore, and of a larger cover glass. 
Table 1 shows the usual degree of agreement between duplicate preparations 
and recounts of the same preparation. 

In view of the uniform distribution of cells and spores (table 2), the counting 
of only 10 fields was found adequate. 


TABLE 1 

AccurMV of the method of counting 


NO. or EXPEUMENT 

COUNTS or THE SAME PSEPASATION X 10* 

COUNTS or A DUPUCATE PESPAEATXON X 10* 

Vegetative celb per ml 

Endosporea per ml 

Vegetative cells per ml 

Endosporea per mi 

I 

333.6 

9.6 




352.8 

12.0 



II 

67.7 

0.7 




96.8 

0.0 



III 

49.0 

0.0 

39.0 

0.0 

IV 

127.4 

5.2 

157.7 

5.2 

V 

43.2 

140.4 

64.8 

270.0 


36.0 

136.8 



VI 

26.4 

75.6 

14.4 

79.2 

VII 

58.3 

784.1 




64.8 

641.6 



VIII 

1196 2 

309 6 

1022.4 

180.0 



1 

1209.6 

151.2 

IX 

0.0 

374.4 




0,0 

476.2 



X 

229.0 

7.2 




219.0 

8.6 




We are aware of the usual practice of reporting “percentage of spores.” This 
practice may have some value but is misleading because it assumes that the 
v^etative cells present in the culture at a given moment represent all the cells 
that did not sporulate, just as the spores represent approximately all the cells 
that sporulated. The truth is that many vegetative cells disintegrate and dis- 
appear; in certain media and under certain conditions, the number of such cells 
is enormous. The products of this disintegration do not seem to be readily or 
completely utilizable by the other cells, and the number of vegetative cells at 
any jpven moment may be only a small fraction of what it would have been 
without disintegration. Consequently, we find that the absolute number per ml 
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of spores and vegetative cells at any given moment is of much greater significance. 
Those who are interested in the “percentage of spores^^ can compute it from the 
recorded numbers. 


EXPERIMENTAL 

1 . EvollUion of Cultures 

o. Aerobic cidiures. The evolution of the cultures of strain C 2 of Bacillus 
mycoides used in the present investigation is similar to that recently described 
for Bacillus subtilis (Knaysi and Gunsalus, 1944). Ordinary, still aerobic cul- 
tures in broth, not especially buffered and not containing a fermentable sugar 

TABLE 2 


Examples of the distribuiiofi of cells and spores in the microscopic preparations used 

for counting 



PBEPAKATION 1 

PKEPAgATlON 2 

mu) NO 

Vegetative cells 

1 Endospores 

Vegetative cells 

1 Endospores 


Normal 

Nonrefracting 

Normal 

Nonrefracting 

1 

12 

3 


12 



2 

7 

4 


12 

9 

2 

3 

4 

5 


13 

4 


4 

15 

3 

1 

10 

6 


5 

13 

2 


8 

7 

1 

6 

9 

5 

4 

7 

5 


7 

5 

6 

1 

12 

5 


8 

8 

4 


18 

7 

2 

0 

1 

2 


12 

6 

1 

10 

13 

7 


9 

3 

1 

Average per 
field 

i 

9.9 

! 

4.1 

0.6 

11.3 

6.2 

0.7 


(initial pH =7), become more and more alkaline until they reach a pH of about 
9. In the presence of a fermentable sugar, aerobic broth cultures at first become 
more acid, reach a minimum pH the value of which depends on the medium, 
and then become more and more alkaline until they reach a maximum value of 
about pH 9. This shift to the alkaline side takes place probably as the sugar 
is used up, and as the acid by-products which consist mostly of lactic acid are 
further oxidized. In both cases, whether the culture initially did or did not 
contain a fermentable sugar, cndospores are not formed appreciably until the 
culture has reached or, usually, exceeded pH 7.5 to 8.0 (table 3). In still, 
liquid cultures, the formation of endospores is related to that of a pellicle (table 
11). In the absence of a pellicle, sporulation is considerably delayed and the 
number of endospores remains small. Broth cultures aercOed by bubbling air 
undergo, qualitatively, a similar evolution; the early drop of pH in glucose- 
containing media may be slight and evanescent, but the subsequent rise of 
alkalinity is much slow'er than in cultures initially contaming no fermentable 
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sugar. When a culture has reached its maximum alkalinity, further bubbling 
of air often results in a slow but consistent drop in the pH, more noticeable 
under conditions of vigorous aeration; this is probably due to further oxidation 
of basic by-products of metabolism, and causes a tendency to germination 
indicated by an increase in the number of endospores of low refractive index 
and, occasionally, by a reduction in the maximum number of normal endospores 
(table 4). 


TABLE 3 


Evolution of still, liquid cultures of Bacillus mycoides, strain C:, at 33 C, in the indicated 
media and under the indicated conditions 


MEOIUM 

CONPmON OP 
INCtTBATlON 

AGE OP 

CXTLTXnE 

VEGETATIVE 
CELLS PEE 
ML X 10« 

ENDOSPOEES PEE ML 

xio« 

pH 

Normal 

Non- 

refractive 



in days 





MITG* TX r. Mr ^ 

„ ; pH 7.0-7.2 

Aerobic 

1 

124.6 

0.0 

0.0 

5.4 

2 



63.4 

0.0 

0.0 

5.6 



3 

81.7 

0.0 

0.0 

6.4 



4 

108.7 

0.0 

0.0 

6.3 



5 

166.3 

0.7 , 

0.0 

6.8 


1 

10 

142.6 

5.2 

0.0 

8.6 

MITG* 







-1- 25 g MgS04- 

Aerobic 

1 

287.3 

0.0 

0.0 

5.6 

4 


2 

303.9 

0.0 

0.0 

6.8 

7 H 2 O; pH 7.0-7 .2 


4 

596.2 

19.4 

0.0 

7.6 



5 

613.4 

63.4 

2.9 

7.7 



7 

201.6 

178.6 

1 54.7 

8.0 



10 

64.8 

270.0 

79.2 

1 8.8 

MITG*; pH 7,0-7 .2 

Anaerobic 

i 1 

44.8 



6.4 


( vaspar seal) 

2 

13.4 



6.4 



3 

0.5 



6.2 



5 

1.9 



6.0 



8 

0.7 



5.8 


• MI » 100 ml of meat infusion; T — 1 g of tryptone: Q — 1 g of glucose. The denom- 
inator indicates the dilution. 


In slant cuUurea of infusion agar with or without a fermentable sugar, the 
evolution is fundamentally similar to that which takes place in liquid media, 
but may be obscured by the spacial relation between the cells and their food 
supply. On the surface of a slant the growth rate is so rapid and the population 
so deuse that tiie melted slant gives almost maximum alkalinity within one 
day under the conditions of the present experiments (tables 6 and 8). However, 
it is possible to see in young cultures that the layer next to the colls gets alkaline 
long before the rest of the slant. 

b. Anaerobic cultures. Strain Ci of Badllus mycoides is unable to grow 
anaerobically to a noticeable extent in tryptone solutions, with or without meat 
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infusion, unless a fermentable sugar is added. This is strikingly shown in the 
following experiment: A suspension of washed endospores was prepared in a 
0.5 per cent trjrptone solution; it contained 7.2 X 10* normal endaspores and 


TABLE 4 

Evolution of aerated cultures of Bacillus mycoides, strain C%, at SB C in the indicated media 

and under the indicated conditions 


ICEDXXTM 

KATE OF 

aeeation; 

BUBBLES 

PEE 

SECOND 

AGE OP 
CULTUEE 

VEGETATIVE 
CELLS PEE 
ML X 10» 

EMDOSPOEE8 PEE ML; 

X io« 

pH 

Normal 

Non- 

refractive 



in days 





MITG* 







— — : pll 7.0-7.2 

1-2 

6 

206.2 

0.0 


7.6 

2 


10 

168 0 

9.6 





15 

80.0 

12.0 


8.5 



21 

9.9 

40 3 


8.7 

MITG* 







— ~ + 26 g MgSO.-7H,0; 

1-2 

6 

132 7 

0.0 


6.4 

2 


10 

215.0 

3.2 



pII 7,0-7 .2 


16 

346.0 

12.0 


7.3 



21 

23.8 

54.4 


9.0 

MIT* „ „ „ „ „ 

— — ; pH 7.0-7 .2 

2-4 

1 

492.0 

4.8 

0.0 

7.9 

O 


2 

249.6 

21.6 

0.0 

8.7 



4 

288 0 

21.6 

0.0 

9.2 

1 


6 

37.9 

26.4 

0.0 

9.1 



11 

20.6 

64.2 

10.6 

8.5 



16 

0.9 

36.0 

16.8 

8.1 

MITG* _ 







„ ; pH 7.U-7.2 

2-4 

1 

381.6 

0.0 

0.0 

7.2 



2 

204.0 

0.0 

0.0 

7.8 



4 ! 


2.4 

0.0 

8.7 



6 

67.8 

79.2 

0.0 




11 i 


72.0 

14.4 

9.2 



16 


115.2 

31.2 

8.8 

MIT* 

— — ; pH 7.0-7.2 


1 

54.0 

0.0 

0.0 

7.8 

4 


3 

32.9 

1.4 

0.0 

8.6 



6 

23.2 

29.6 

2.8 

8.5 

MITG* , 







— - — ;pH7.0-7.2 


1 

364.8 

0.0 

0.0 

6.7 

4 


3 

162.0 

31.2 

3.6 

, 8.6 



6 

87.1 

23.3 

2.4 

8.2 


• MI » 100 ml of meat infusion; T «- 1 g of tryptone; G « 1 g of glucose. The denom> 
inator indicates the dilution. 


3.8 X 10* nonrefractive ones per ml. At the end of 4 hours at about 25 C, the 
suspenfflon was examined microscopically in a sealed preparation; it showed 
considerable tsrpical germination (strictly equatorial with splitting of the exine). 
At the end of ^ hours the same preparation was reexamined and appeared very 
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much as it did at the end of 4 hours, i.e., it consisted mostly of germinating 
spores and germ cells still attached to the spore coat. The suspension from 
which the preparation was made had in the meantime become turbid and formed 
a pellicle. 

In the presence of glucose, the organism grows anaerobically (although the 
population remains relatively low) and the pH of the culture gradually drops to 
about 5.8 (table 3). In meat-infusion glucose broth the organism is unable to 
oxidize the acids formed, and the pH remains at the minimum reached. No 
endospores are formed in strictly anaerobic cultures even when they are several 
months old (vaspar seals are not effective when the period of incubation is thus 
extended; occasional spores have also been observed by the author in such 
cultures of Bacillus subtilis over 3 months old, although the pH. was still at its 
minimum level). 

2. The Effect of Oxygen 

It has been pointed out in the previous section that endospores are not formed 
under strictly anaerobic conditions. On the other hand, we found endospores 
in very old glucose infusion cultures of Bacillus aierrimus (and several other 
members of the genus Bacillus) incubated under vaspar seals. Under vaspar 
and oil seals, the conditions remain anaerobic as long as the supply of reducing 
material in the medium is not exhausted. This observation indicates, but does 
not prove, the necessity of molecular oxygen for the formation of endospores. 
On the other hand, the necessity of oxygen for the quick and efficient formation 
of large numbers of endospores is one of the incontrovertible facts of bacteriology. 

It was not the purpose of this work to make a complete study of the relation- 
ship between oxygen and sporulation. Conseciuently this pha.se of the work 
was developed only to the extent it contributed to an understanding of the 
general problem. 

Our preliminary work with aerated cultures (table 4) show's that wdion the 
rate of aeration is slow, the formation of endospores is slow and their numbers 
remain relatively small. As the rate of aeration increases, endospores are 
formed sooner and in greater numbers. The same is tnie of the vegetative 
population. This effect of oxygen on growth is of course due to a considerable 
increase in the total available energy of the medium and in the rate at wffiich 
it can be utilized; If the pH of the culture be taken as an index of the extent 
of utilization of food material, a glance at table 4 shows that doubling the rate 
of aeration results in more than doubling the rate of food utilization. 

Table 4 also shows that when glucose (0.5 per cent) is present in the medium, 
a slow rate of aeration results in an extension of the period of purely vegetative 
growth. Sporulation may be hastened either by a reduction in the concentra- 
tion of glucose or by an increase in the rate of aeration, and, unless the concen- 
tration of sugar is sufficiently low, it may be difficult to aerate with sufficient 
vigor to promote sporulation within a reasonable time. We have evidence 
that wide fluctuations in the rate of aeration are detrimental both to the formation 
of the endospores and to their preservation. Increasing the rate of aeration 
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may make possible more complete oxidation, which is accompanied by a tendency 
to germinate. 

The two outstanding lessons learned from this early work are (1) that sporu- 
lation is extremely sensitive to oxygen and (2) that even vigorous aeration does 
not usually supply the culture with all the oxygen it can utilize. The latter 
fact is particularly tme for glucose media and is strikingly illustrated in table 5. 
In this experiment, the two tubes were connected in series; the first contained 
the usual 40 ml of inoculated medium, and the second 3 ml of the same medium; 
the concentration of the inoculum per ml was the same in both tubes. Our 
notes indicate an aeration sufficiently vigorous (about 10 bubbles per second) 
to transform the entire 3 ml into foam. The tremendous difference in the number 
of spores here is also correlated with the degree of depletion of the medium as 
indicated by the pH. 

In the light of this experience, and in view of the practical difficulty of realizing 
a constant aeration, we concluded that it is hopeless to investigate the effect of 

TABLE 5 


Experiment with an aerated culture showing the effect of foaming on the formation of endospores 
by strain Ci of Bacillus mycoides at $S C and the conditions indicated 


MEDIUM 

AGE or 

PHYSICAL STATE 

VEGETATIVE 
CELLS PEE ML 

ENDOSPORES PER ML X 10* 

pH 

CULTUIE 

OF culture 

X lO* 

Normal 

Nonrefractive 


in days 






MITG* „ 


Liquid 





;pH 

1 

326,4 

0.0 

0.0 

7.4 

7.0-7.2 

1 

Foam 

290 4 

172.8 

0.0 

8,3 


* MI «* 100 ml of meat infusion; T =• 1 g of tryptone; G » 1 g of glucose. The denom- 
inator indicates the dilution. 


any factor on sporulation unless the oxygen supply is kept constant or practically 
so. and we decided to resort to the use of slant cultures. By keeping the volume 
of the medium, the free surface of the slant, and the inoculum approximately 
constant, results can be duplicated with reasonable accuracy provided the air 
atmosphere is sufficiently large. The required volume of that atmosphere 
obviously depends on the volume and composition of the medium. In test 
tubes 160 mm long and 15 mm in internal diameter closed with a rubber stopper, 
a 5-ml slant culture of a medium containing 100 ml of meat infusion strength) 
+ 0.5 g of tryptone + 0.5 g of glucose + 1-5 g of agar practically contains no 
endospores; the relatively few spores formed owing to temporary shortage of 
food, before the available oxygen is consumed, germinate as more nutrients 
diffuse to the surface, and only a few shells can be observed in such cultures. 
In view of these results, the minimum oxygen pressures reported for endospore 
formation must be taken with caution, unless it is shown that the recorded 
initial pressure remained constant at the time of sporulation; otherwise, the 
usual statement that the minimum oxygen pressure for endo^re formation 
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(in media which do not allow anaerobic growth) is higher than that for growth 
would have no meaning. 

3. The Effect of MgSOi 

Magnesium sulfate is known to cause morphological changes in Bacillus 
mycoides (Stapp and Zycha, 1931). As far as we know, however, no one has 
reported an effect of this salt on the formation of endospores. Fabian and 
Bryan (1933), working with Bacillus subtilis, Bacillus mesentericus. Bacillus 
cerem, and Bacillus megatherium, did not observe any stimulation of reproduc- 
tion or of spore formation in a liqmd medium due to MgCb. 

In the course of a different investigation, we made the following observation: 
When Bacillus mycoides (strain Cj) is inoculated into glucose broth containing 
MgS04 in a relatively high concentration (100 ml of meat infusion -1- 1 g of 
tryptone -f 1 g of glucose, diluted with an equal volume of MgSOi solution 
prepared by dissolving 50 g of MgS04-7H20 in 100 ml of water; pH 7.0-7 .2), 
the organism grows at first throughout the medium, then a pellicle begins to 
form as the turbidity of the cultme tends to disappear. Further incubation 
results in an increase in the thickness and toughness of the pellicle and in the 
almost complete disappearance of turbidity from the body of the medium. At 
about the fifth day (33 C; the time varies somewhat with amount of inoculum 
and temperature), turbidity reappears in the medium and may reach a consider- 
able intensity, and the increase in turbidity is accompanied by disintegration 
of the pellicle. Microscopic examination reveals that the turbid liquid is a 
heavy suspension of almost pure endospores. In the absence of MgS04, the 
early sequence of events is similar, but there is no reappearance of turbidity; 
sporulation in the pellicle is slow, and the endospores never reach a high number; 
the pellicle is more perishable and does not have sufficient adhesion power to 
the walls of the tube. Careful counts revealed that MgS04 results not only in 
a tremendous increase in the number of spores (which is comparable to what one 
gets on slants) but also a severalfold increase in the number of vegetative cells 
(table 3). 

In following up this apparently important observation, we foimd that the 
effect of MgS04 on the total population is also observed, although to a lesser 
degree, both in aerated liquid cultures and in slant cultures. The same was 
true for the effect of this salt on the number of endospores in aerated cultures (table 
4), but no increase in the number of endospores was noticeable in slant cultures; 
on the contrary, a definite decrease was usually observed (table 6). We have 
not yet sufficiently studied the mechanism of action of this salt; however, there 
seems little doubt that it is partly physiological. The effect on sporulation 
seems to be correlated with the availability of molecular oxygen, the stimulation 
becoming less as molecular oxygen is more plentiful. It can also be noticed that, 
in the pres^ce of MgS04, sporulation seems to begin at a slightly lower pH. 
In the case of liquid, still cultures, we believe that the strong stimulation is 
due, not only to a physiological action of the salt, but also to the luxurious sur- 
face growth where molecular oxygen is plentiful. 
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4. The Effect of Starvation 

In order to test whether endospores are formed by normal cells faced with 
starvation, experiments similar to the following were performed: 

Cells were centrifuged out from aerated cultures at various ages of 
those cultures; the cellular sediments were resuspended, without washing, 

TABLE 6 


Effect of MgSOi on the formation of endospores by strain C 2 of Bacillus mycoides at 33 C and 

the conditions indicated 


UEDIUM 

AGE OF 
CtlLTUEE 

VEGETATIV 
CELLS PEE 

ml; X 10‘ 

ENDOSPOEES PER ML; 

X 10® 

pH 

Normal 

Non- 

rcfractivc 


f» days 



1 


MITG* 






— — + 1.5 g agar 

1 

418.3 

504.0 

15.1 

9 

z 

2 

61.6 

712.8 

29.2 

8.8 

MITG* 






— + 12.5 g MgS04- 711,0 + 1.5 g 

1 

1028.2 

247.0 

10.1 

8.4 

2 

2 

359.0 

486.0 

21.6 

8.7 

agiir 






MITG* 






— h 1.5 g agar 

1 

377.8 

284.4 

21.6 

8.8 


2 

93 6 

928.8 

14.4 

8.8 


3 

28.8 

871.2 

43.2 

9.0 


5 

64.8 

1317.6 

79.2 

9.0 

MITG* 






__ + 12.6 g MgS04 7H^ + 1.5 g 

1 

1142.4 

213.6 

24.0 , 

8.4 

2 

2 

540.0 

1022.4 

21.6 

8.8 

agar 

3 

208.8 

720.0 

50.4 i 

8.9 


5 

136.8 

727.2 

295.2 

9.2 

MITG* 






+ 1.6 g agar 

1 

90.0 

529.2 

28.8 

8.7 

4 

2 

32.4 

730.8 

43.2 

8.8 


3 

12.6 

500.4 

27.0 

8.8 


4 

21.6 

633.6 

43.2 

8.8 


8 

0.0 

424.8 

19.8 

8.6 

+ 12.5 g MgSO.- 711,0 + 1.5 g 

1 

295.2 

504.0 

3.6 

8.6 

4 

2 

129.6 

439.2 

18.0 

8.8 

agar 

3 

27.0 

329.7 

39.6 

9.0 


4 

39.6 

396.0 

32.4 

9.0 


8 

1 

1.8 

244.5 

59.8 

8.8 


* MI = 100 ml of meat infusion; T » 1 g of tryptone; G 1 g of glucose. The denom- 
inator indicates the dilution. pH « 7.0-7 .2. 


in sterile, distilled water, and the suspensions were aerated by bubbling air at 
approximately the same rates as the mother cultures. The results are illustrated 
in table 7. These results show that exposure of the cells to starvation hastens 
the formation of endospores, and more quickly when the mother culture is mature 
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than when it is young. Formation of endospores in distilled water has also been 
previously reported by Buchner (1890) and by Schreiber (1896). 

5. Effect of the Concentration of the Medium 

Williams (1930-31) reported that when Bacillus subtilis is grown in shallow 
layers of peptone solutions (1 to 5 per cent), the percentage of spores varied in- 
versely with the concentration of peptone, although the total number of spores 
was higher in the more concentrated solutions. Bnmstetter and Magoon 
(1932) also reported that when Badllus mycoides is grown in aerated peptone 
solutions, the percentage of spores at the end of one day decreased as the con- 
centration of peptone increased. These observations can find confirmation 

TABLE 7 


Experiments mth aerated cultures showing the effect of starvation on the formation of 
endospores by Bacillus mycoides y strain C 2 , at S$ C and the conditions indicated 


INITIAL lIXDXtTlC 

07 THE If OTHEH 
CtJLTUBE 

AOS OF ICOTBBS 
CULTURE AT TIME 
07 CENTRIFUGING 

CENTRIFUGED, 
UNWASHED CELLS 
SUSPENDED IN 

AGE OF 
AERATED 
SUSPEN- 
SION 

VEGETA- 

TIVE 

CELLS PER 
MLX 10* 

ENDOSPORES PER 

ML X 10* 

pH 

Normal 

Nonrefr. 


in days 


in hours 





MITG* , 








- 7 —; pH 

1 



326.4 

0.0 

0.0 

7.4 

4 


Diet, water 

4.5 

139.2 

0.0 

0.0 

7.7 

7.0-7 .2 

1 

Dist. water 

22.0 

36.0 

19.2 

0.0 

8.6 


2 



235.0 

0.0 

0.0 

6.5 


3 



295.2 

2.4 

0.0 

7.0 



Dist. water 

4.5 

131.4 

6.6 

0.0 

8.1 

MITG* ^ 








. : pH 

3 



75.6 

12.0 

0.0 

8.2 

4 


Dist. water 

0.0 

49.7 

8.6 

0.0 

t 

7.0-7 .2 


Dist. water 

6.0 

40.3 

23 8 

0.0 



5 



42.0 

22.8 

0.0 

8.3 


* MI = 100 ml of meat infusion; T « 1 g of tryptone; G « 1 g of glucose. The denom 
inator indicates the dilution. 


in table 8. We believe, however, that the conclusions of those authors were 
stated in a way which tends to obscure the relationship between sporulation and 
concentration of the nutrients. 

It has been pointed out in the section on technique that the percentage of 
spores is not necessarily a measure of the tendency to sporulate. When two 
slant cultures initially differ only in the concentration of nutrients, the one with 
the dilute medium will sporulate sooner than the one with the more concentrated 
medium and, if the time interval at the end of which the cultures are examined 
is sufficiently short, the culture with the dilute medium will contain a higher 
number of spores; at the end of a longer interval, it may have a smaller number, 
but a higher percentage, of spores. As the time interval is increased, the per- 
centage of spores in both cultures tends to become equal. This statement is 
limited to concentrations in which growth is not slowed down either by deficiency 












ENDOSPORE FORMATION BY BACILLUS MYC01DE8 


485 


or by toxicity. Assuming that the oxygen supply is not a factor, the percentage 
of spores is a measure of the extent to which nutrients have been used up. 

Two questions may be asked in connection with the concentration of nurients: 
the first is whether there is a minimum concentration below which sporulation 
is not possible; the second is whether there is a quantitative relation between 
concentration of nutrients and number of spores. A glance at table 8 shows that 
endospores can be formed on 1.5 per cent bacto agar, prepared with distilled 
water, to which no nutrients have been added. Table 8 also shows that in dilute 
media the number of endospores is proportional to the concentration of nutrients. 

TABLE 8 


Effect of the concentration of nutrients on the formation of endospores by strain Ct of Bacillus 
mycoides at SS C and the conditions indicated 


ICEDtUlC 

AQ£ OF 

VEGETA- 
TIVE CELLS 

ENDOSPORES PER 

la; X 10* 

pH 1 

REMARKS 

CULTURES 

PEE ul; 
X \o« 

Normal 

Non- 

refractive 


MIT* 

- — + 1.5 K agar pH 7.0- 

O 

in days 

2 

23.8 

203.0 

4.3 

8.8 


4 

19.4 

207.4 

2.2 

9.0 


7.2 

MIT* 

i 


Average of 4 ex- 

- + 1.5 g agar pll 7.0- 

1 

42.6 

181.0 

3.0 


4 

7.2 

2 

45.9 

404.0 

6.2 


periments 

MITG* 






Average of 5 ex- 

+ 1.5 g agar; pH 

1 

263.1 

615.6 

18.0 

8.6 

4 

7.(K7.2 

2 

80.8 

1300.0 

42,4 

8.8 

periments 

MITG* 






Average of 2 ex- 

_ + 1.5 g agar; pH 

1 

398.1 

393.8 

18.4 

8.9 

7. 0-7 .2 i 

2 

77.6 

820.8 

21.8 

8.8 

periments 

5 

64.8 

1317.6 

79.2 

9.0 


1 .5 g of bacto agar -h 100 ml 

4 

1.44 

5.28 

0.7 

7.6 

In sporangia 

of dist. water 








MI «« 100 ml of meat infusion; T « 1 g of tryptone; G « 1 g of glucose. The denom- 
inator indicates the dilution. 


Beyond a certain concentration, the number of endospores increases with the 
concentration but is not proportional to it. Barring toxicity, which has beey 
often reported for concentrated peptone solutions, the reason for this apparentln 
harmful effect of concentration must be sought in the fact that, for a given slant 
surface, the more concentrated slant gives a thicker layer of cells; below the 
surface of this layer, the environment varies from semiaerobic to anaerobic and, 
therefore, is unsuitable for sporulation. It can be easily shown that the numbers 
of endospores and of vegetative cells in slant cultures of the same initial composL 
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tion are, at least within a certain period, functions of the ratio between the free 
surface area and the volume of a slant; this point should be kept in mind when 
slants are used in sporulation studies. 

6 . The Effect of Drying 

It is natural to think of drying as a factor favorable for the formation of endo- 
spores. It is known, for instance, that maturation of the endospore is accom- 
panied by shrinkage, and the favorable environment of slant surfaces, foam, and 
of unsubmerged pellicles is suggestive of a favorable effect of drying. The 
difficulty of obtaining an early and good spore yield in aerated, liquid cultures 

TABLE 9 


Effect of drying on the formation of endospores by strain Cz of Bacillus mycoides at SS C and 

the conditions indicated 


MEDIUM 

1 

CULTURE INCUBATED 
OVER 

AGE OF SLANT 
CULTURE 

VEGETATIVE 
CELLS PER 

ml; X 10« 

ENDOSPORES PER ML X 10* 

Normal 

Nonrcfractive 



im days 




MITG* 






— + 1.6 g of 

0.1 xNaOH 

1 

34.8 

112.8 

1.2 

4 


2 

26.4 

375.2 

8.0 

agar; pH 7.0-7.2 







70% NaOH 

1 

15.6 

123.6 

3.6 



2 

34.8 

319.9 

2.4 


0.1 nNeOH 

1 

48.6 

257.0 

3.6 



2 

79.2 

486.0 

3.6 


70% NaOH 

1 

70.6 

230.4 

3.6 



2 

43.2 

435.6 

0.0 


0.1 NH2SO4 

1 

55.8 

136.8 

0.0 



2 

50.4 

482.4 

21.6 


Cone. H2SO4 

1 

86.4 

154.8 

1.8 



2 

79.2 

324.0 

10.8 


* MI =* 100 ml of meat infusion; T » 1 g of tryptone; G « 1 g of glucose; pH 7.0-7 .2. 


also suggests the lack of opportunity for drying as a cause. Consequently, it 
is not surprising that DarAnyi (1927) attributed to drying an important role in 
the formation of endospores. 

In the present work, one can find proof that drying is not necessary for the 
formation of endospores; for instance, sporulation under a vaspar seal and in 
cultures aerated with moist air. We also ran numerous experiments to find out 
whether drying, although not necessary, may be helpful. We used agar slant 
cultures incubated in an atmosphere where the moisture content was regulated 
with solutions of NaOH and H 2 SO 4 (table 9). The atmosphere was sufficiently 
large to eliminate oxygen as a factor (see the section on technique) . Comparison 
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with similar slant cultures plugged with cotton convinced us that the latter 
precaution was effective. 

The data of table 9 show that, under the conditions of our experiments, drying 
exerts a harmful effect. Only once did we find an increase, due to drying, in 
the number of cndospores in a slant culture of glucose agar, and this effect may 
have been indirect. If the surface of a glucose agar slant was initially covered 
with a film of free water, drying may be beneficial in reducing the opportunity 
for anaerobic growth. It is also possible that the harmful effect of drying is 
also indirect and due to a depressing influence on the diffusion of nutrients and 
of by-products of metabolism. Our data show% however, that drying is not 
usually of much importance as a factor in the formation of endospores by strain 
C 2 of Bacillus mycoides. 

The important role attributed to drying by Dardnyi (1927) in the sporulation 
of Bacillus subtilis and Bacillus anthracoides is obviously due to a greater avail- 
ability of oxygen. This can be readily deduced from his statement that, of 
the various methods he used (alcohol vapor, CaCU, etc.), the best results were 
obtained by drying on glass surfaces for two days. 

7. The Effect of pH 

It has been pointed out in a previous section that there is disagreement among 
investigators regarding the cardinal pH points for endospore formation by 
members of the genus Bacillus. We have repeatedly observed spores in old 
liquid cultures of various species at their respective minimum pH levels under 
vaspar seals; in the case of Bacillus aterrimus^ at pll 5.4. We have also seen 
that Bacillus mycaidcs forms spores at pH levels > 8. Those values are for 
the environment and not for the inside of the cell. Indeed, the intracellular pH 
depends not only on the pH of the medium but also on the material responsible 
for the pH; the equilibrium is determined by the permeability of the cell 
membranes. 

In determining the optimum pH for sporulation, we used mixtures of equi- 
molar KH2PO4 and K2HPO4 solutions in varying proportions. In order to keen 
the pH nearly constant in spite of growth, w e had to use a very dilute medium. 
The composition of the medium and other data are given in table 10. The tubes 
containing the slant cultures were plugged with cotton. 

The results indicate (table 10) that, under the conditions of the present experi- 
ments, there is a definite optimum pH for the sporulation of the investigated 
organism. This optimum lies in the interval 6.6 to 6.8. 

As the pH increases, its unfavorable effect on sporulation quickly becomes 
noticeable. The number of endospores drops sharply as one passes the neutral 
point, although the total population may not be materially reduced. It is 
possible that at alkaline pH there is accumulation of some harmful by-product 
which may not stop vegetative growth but may render many cells too weak to 
form endospores. 

Therefore, it may be concluded that endospores may be formed within a wide 
range of pH by the organism studied, with an optimum within the narrow interval 
of 6.6 to 6.8 under the conditions of the present experiments. 
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8* Effect of the Accumulation of By-products 

Study of the effect of the by-products of metabolism on the formation of 
endospores is difficult, because it is difficult to separate by-products from the 
environment in which they are formed. In glucose broth cultures, hydrogen 
ions accumulate only when there is shortage of oxygen; the concentration of 
hydroxyl ions is proportional to the depletion of the medium. 

In the course of other studies we observed that the organism investigated 
can grow in a solution of ammonium sulfate, glucose, and phosphate (table 11). 


TABLE 10 

Effect of pH on the formation of endospores by strain of Bacillus mycoides at 33 C and the 


1 

MEDIUM 

pH 

AGE OF 
CULTURE 

VEGETATIVE 
CELLS PER 

ml; X 10« 

ENDOSPORES PER ML X 10* 

Initial 

Final 

Normal 

Nonrefractivo 


1 


in days 




MIT* 







^ -f about 0.5 g 

5.0 

6,0 

1 

15 2 

45 4 

18.7 

8 


6 3 1 

2 

0 6 

46.8 

28.8 

phosphate mix- 







ture -f- 1.6 g of 

6 4 

6.4 

1 i 

20.2 

86.4 

9.4 

agar 


6.6 

2 

12 0 

78.0 

20.4 


0.6 

6.8 

1 

14.4 ! 

109.4 1 

7.2 



6 8 

2 

2.4 

111.6 

! 

31.2 


7.0 

7 0 

1 

49,7 

56.9 

5.0 



7.2 

2 

7.2 

86.4 

i 

10.2 


7.4 

7.5 

1 

81.4 

34.6 

5.0 



7,5 

2 

1 

45.9 

48.0 

19.2 


7.8 

8.0 

1 

71.3 

29.5 

4.3 



8,0 

2 

30.0 

21.6 

7.8 


• MI “ 100 ml of meat infusion; T — 1 g of tryptone. The denominator indicates the 
dilution. 


In such a solution, the pH gradually dropped so that in 3 to 4 days at 33 C 
it reached a minimum of pH 5.4; at about this time also, the maximum population 
was reached and a pellicle formed; at the end of 10 days, the pH was still 5.4, 
the population considerably reduced, but no endospores were observed either 
in the pellicle or elsewhere. 

Working with agar slant cultures of the same medium, it was found that 
the pH of the culture dropped to 5.6 and was still 5.8 after almost two days when 
relatively few spores had been formed; the maximum number of spores was 
reached in 5 days. The low pH reached in slant cultures of this medium was 
surprising and su^ested a possible shortage of vitamin Bj for further oxidative 
decarboxylation of the organic acids formed from the sugar. Indeed, whrai the 
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TABLE 11 


Effect of add by-products on the formation of endoapores by strain Ct of Bacillus mycoides at 

SS C and the conditions indicated 



1 

AGE or j 

VKGE- 

ENDOSPOEES 




CULTUEES i 

TATIVE 

PEE ml; X 10< 

FINAL 

pH 


MEDIUM 



CELLS 



urMAEKS 

Days 

Hours 

PEE ml; 
X 10* 

Normal 

Nonrc- 

fracting 


0.2 g (NH«),S 04 + 0.2 g glu- 

0 

0 

0.0 

6.2 

0.1 

6.8 


cose -f 0.2 K phosphate 

1 

0 

5.2 

3.4 i 

0.5 

6.8 


mixture -f 100 ml dist. 

3 

0 

26.2 

4.1 1 

1.4 

6.0 

Pellicle 

water; pH 6.8* 

4 

0 

30.2 

3.4 ! 

1 0 

5.4 

Pellicle -b ring 


10 

0 

8.4 

1.2 

1.0 

5.4 

Pellicle + ring 

0.2 g (NIl 4 ) 2 S 04 + etc. as 

0 

22 

414.0 

0.0 

0.7 

5.6 


above -f 1.6 g agar; pH 6.6 

1 

17 

111.8 

9.4 

0.0 

i 5.8 



5 

0 

20.2 

61.4 

10.6 

6.4 



19 

0 

7.9 

44.0 

12.2 

6.4 


0.2 g (Nll 4 )jS 04 + etc. as 

0 

22 

214.1 

5.3 

3.4 

6.4 


above -f 1 .5 g agar + lO/^g 

1 

17 

70.8 

139.2 

30.5 

6.8 


vitamin Br, pH 6.3 

5 

0 

8.6 

358.6 

41.8 

7.5 



19 

0 

0.0 

216.0 

69.1 

6.8 


0.1 g vitamin-free casein hy- 

0 

0 

0.0 

2.6 

0.0 

6.9 


drolyzate 4* 0.2 g phosphate 

1 

0 

2.2 

0.5 

0.5 

6.8 


mixture + 100 ml dist. 

2 

0 

16.6 

0.0 

1.0 

6.8 


water; pH 6.9 

3 

0 

26.4 

0.5 

2.4 

6.8 

In sporangia 


6 

0 

20.9 

0.0 

0.7 

7.0 

No pellicle 


10 

0 

1.0 

38.4 

3.6 

8.4 

Pellicle 

0.1 g vitamin-free casein, etc. 

0 

0 

0.0 

2.6 

0.0 

6.8 


as above, -f 0.2 g glucose; 

1 

0 

25.0 

0.0 

1.0 

6.4 


pH 6.8 

2 

0 

21.0 

0.0 

0.0 

5.4 

Pellicle 


3 

0 

26.9 

0.0 

0.0 

5.6 

Pellicle 


6 

0 

57.1 

0.2 

0.7 

6.4 

Pellicle 


10 

0 

24.2 

14.2 

1.0 

7.4 

Pellicle 

0.1 g vitamin-free casein, etc. 

2 

0 


226.8 

36.7 

7.0 


as above, -f 0.2 g glucose 
4- 1.5 g agar; pH 6.8 

4 

0 

■ 

210.8 

53.6 



0.1 g Titamin-free casein, etc. 


0 

64.0 1 

246.2 

0.0 

7.4 1 


as above, + 0.2 g glucose 
+ lOng vit. Bi + 1.6 g agar; 
pH 6.8 


0 

64.8 1 

i 

1 

200.9 

17.3 




* One-month*old Eldredge tube cultures in this medium^ distributed in shallow layers, 
showed some sporulation. 


vitamin was incorporated to the extent of lO^g per ml, no drop in the pH was 
observed at the end of the time intervals indicated in table 11. The vitamin 
seemed to have no beneficial effect on vegetative growth, but endospores were 
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formed earlier and their maximum number was about 6 times greater than in 
cultures to which the vitamin was not added. 

It was now a question of whether the beneficial effect of vitamin Bi on sporu- 
lation was due to the quick removal of the acid by-products or to a specific role 
in the process of sporulation. 

Experiments with agar slant cultures in which the (NH4)2S04 was replaced by 
vitamin-free casein hydrolyzate showed that the pH of those cultures does not 
drop even when vitamin Bi is not added, and that the vitamin has no beneficial 
effect on sporulation. 

In view of these results, the relatively small number of spores formed in the 
(NH4)2S04 medium to which no vitamin was added must be attributed to the 
persistence of a low pH. The addition of vitamin Bi makes the environment 
more suitable for sporulation by removing the acid by-products of glycolysis. 
The excellent vegetative growth of the organism in this medium together with 
the slow rise in the pH of the culture leads to the conclusion that vitamin Bi 
is synthesized in this medium, although not with sufficient speed. It is probable 
that in the casein hydrolyzate medium, the vitamin is readily synthesized so 
that the pH of the culture does not drop to a level which would injure the cells 
and hinder sporulation. 


DISCUSSION AND CONCLUSIONS 

In studying the environmental factors which affect the formation of endo- 
spores, the various investigators have dealt with each factor as an independent 
variable. In reality, those factors are so interrelated that the proper evaluation 
of any one factor is not possible unless its relation to other factors is elucidated. 
This requires familiarity with the physiological behavior of the organism inves- 
tigated. 

In the case of strain C2 of Badllm mycoides, and indeed of a number of other 
members of the genus Bacillus with which we are familiar, it is important to know 
that the temperature, the concentration of oxygen, the state and density of the 
population, the utilization of nutrients, the accumulation of the by-products of 
of metabolism, the spontaneously developed pH, etc., are intimately interrelated. 
In the presence of a fermentable sugar, the organism can grow anaerobically, 
but the acid by-products of glycolysis, chiefly lactic acid, accumulate and the 
pH drops to a minimum which varies with the medium; under strictly anaerobic 
conditions, endospores are not formed. Now what is the limiting factor? Is 
it the absence of oxygen or is it the accumulation of the acid by-products? When 
oxygen is plentiful, oxidation is usually immediate and complete; the pH drops 
only slightly and then rises to a maximum. Under these conditions endospores 
are formed, but only as the alkalinity of the culture has considerably risen. Now 
what caused the formation of endospores? Is it the presence of oxygen, or the 
alkalinity, or the exhaustion of the nutrients? Spores are formed best on the 
surface of a solid medium. Is it because of greater availability of oxygen or 
is it because of gradual drying? All those questions must be answered before 
a clear picture of the conditions necessary, helpful, or detrimental for sporulation 
are clearly known. 
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In this paper it has been shown that the accumulation of the acid by-products 
of glycolysis is harmful for sporulation. It must be added that the accumula- 
tion of hydroxyl ions in sporulating cultures is not the cause of endospore for- 
mation: first, because an imposed alkaline reaction is detrimental; and, second, 
because when portions of old, aerated cultures which have reached their maxi- 
mum alkalinity arc neutralized, diluted up to 5 times, or both, the spores already 
formed do not seem to germinate. The concentration of hydroxyl ions merely 
indicates the extent to which the nutrients have been used up. On the other hand, 
although endospores are not formed under strictly anaerobic conditions, it has 
been shown that a certain number is formed in very old cultures (of Bacillus aterri- 
mu8 which is physiologically similar to Bacillus mycoides) under a vaspar seal, even 
at the minimum pH of the culture, which means in the presence of the acid by- 
products of glycolysis at their maximum concentrations. This indicates, but 
does not prove, that in endospore formation there may be at least one process 
that involves reaction with molecular oxygen. Nevertheless, no matter how 
plentiful oxygen is, spores are not formed until the sugar and the products of 
glycolysis are completely oxidized and the nitrogenous components of the medium 
are largely used up, as indicated by the evolution of the pH. Aside from the 
possible necessity of oxygen per se, its chief role seems to be the promotion of a 
rapid and complete utilization of the nutrients and, as a corollary, the prevention 
of the accumulation of by-products which may injure the cells and tend to 
inhibit sporulation. It has been shown in a x)revious section that neither acid 
nor basic by-products can greatly accumulate when oxygen is plentiful. 

In the present work we have not made any special study of the nutrilite re- 
quirement of the strain investigated; however, we were able to grow the organism 
in an extremely simple synthetic medium and in vitamin-free cjisein hydrolyzate 
(table 11). In view of the fact that no special precautions were taken to insure 
the absence of nutrilites from the distilled water or the chemicals used, it may 
only be concluded that the nutrilite requirements of the organism, for growth as 
well as for sporulation, are either nil or A^ery slight. On the other hand, we have 
shown that growth factors, as illustrated by vitamin Bi, may exert an indirect 
effect under special conditions. We have showm that a greater number of spores 
may be obtained when Autamin Bi is added to a medium in ^vhich the acid by- 
products of glycolysis tend to accumulate (the ammonium sulfate medium). 
By performing its function as a cocarboxylase, the vitamin tends to promote 
further oxidation of those by-products and to pre\"ent a considerable drop in 
the pH. In a medium where the acid by-products of glycolysis do not accu- 
mulate (the casein-hydrolyzate agar medium), addition of the vitamin is of no 
value. It is possible that in the casein hydrolyzate medium the Autamin is 
synthesized much more readily than in the (NH4)2S04 medium. Reports by 
nutritionists of the stimulating but unnecessary presence of a certain nutrilite 
may be due to such an indirect effect in an environment where the synthesis 
of that nutrilite is slow or dfficult. 

The only possible conclusion to be drawn from this work with strain C 2 of 
Badllua mycoides is that endospores are formed in an aerobic environment by 
healthy cells facing starvation. Besides all the evidence obtained from cultures, 



492 


GEORGES KNATSI 


the fact that suspension of the cells in distilled water promotes sporulation in- 
dicates the depletion of nutrients as the determining factor. When food is 
available, endospores are not formed, and those which had been formed under 
a local shortage of food soon germinate or tend to do so, even when conditions 
are not suitable for further growth. Experiments performed in connection with 
another problem show that in a medium containing a fermentable sugar but 
devoid of buffering value, endospores of this strain of Bacillus mycoides tend to 
germinate and perish because the low pH does not allow further growth. Cul- 
tures are obtained only when the medium is buffered. In distilled water and in 
incomplete media (for instance without a source of energy), the tendency to 
germinate is practically nil. 

In drawing this obvious conclusion, we do not wish to be accused of teleologic 
tendencies which are detrimental to a final solution of the mechanism of sporu- 
lation. To say that cells starved in the presence of oxygen proceed to form 
endospores is to acknowledge a biological fact. Why the depletion of nutrients 
induces the cell to sporulate is a question yet to be answered. At the present, 
one can merely speculate. 


SUMMARY 

This paper is an investigation of some of the environmental factors which con- 
trol the formation of endosporas by a strain (C 2 ) of Bacillus mycoides. A new 
technique of investigation is described. 

It is shown that accumulation of the by-products of metabolism, such as the 
acid products of glycolysis, tends to inhibit sporulation. Oxygen may be neces- 
sary for some process in the formation of endospores, but its principal effect is 
in greatly increasing the rate of metabolism and the degree to which nutrients 
are utilized. As a result, there is a minimum accumulation of by-products; 
for instance, glucose is oxidized to CO 2 and probably water, and acids do not 
accumulate in the medium. 

Although endospores may be formed within a long hiterval of pH, there is 
a definite optimum between pH 6.6 and 6.8. The significance of this optimum 
is not clear, and may well be related to the utilization of nutrients and the 
accumulation of by-products. 

Vitamin Bi promotes sporulation (but does not seem to affect growth) on agar 
slants of a simple medium in which there is a tendency for acid by-products to 
accumulate; it has no effect on either growth or sporulation in agar slants of 
vitamin-free casein hydrolyzate in which no acid by-products accumulate. 
The effect of the vitamin m the synthetic medium is indirect and due to an in- 
crease in the rate of decarboxylation of the acid by-products. It is assumed that 
the vitamin is readily synthesized in the casein hydrolyzate medium. 

Gradual drying does not usually affect sporulation imless it affects growth 
and the availability of nutrients. With rare exceptions, when drying exerts 
an effect it is detrimental. 

Suspending vegetative cells in distilled water promotes sporulation of the 
uninjured cells. 
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MgS 04 increases the vegetative population. It has a beneficial effect on 
‘sporulation when the oxygen supply is low or limited. 

Endosporcs do not germinate in distilled w'ater or in an incomplete medium, 
such as a synthetic medium without a source of available energy, but they 
readily germinate in the presence of the necessary nutrients, even if the environ- 
ment is unsuitable for further growth. 

It is concluded that, in this strain of Bacillus mycoidcs, endospores are formed 
most readily by healthy cells faced with starvation in the presence of oxygen. 
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Acetobader svboxydam is of considerable interest because of its remarkable 
inability to dissimilate organic carbon compounds beyond the intial stages of 
oxidation (Visser’t Hooft, 1925). This property of A. suhoxydans and the fact 
that large amoimts of substrate are transformed have suggested use of the 
organism for the large-scale production of various organic compounds. The 
oxidation of sorbitol to sorbose, which is used in the synthesis of vitamin C, 
is a well-established commercial process. 

j ^as been necessary to add yeast extract or other similar organic nitrogenous 
complexes to media for A . suhoxydans, as a source of unknown growth factors 
and ‘nitrogen. Recently Underkofler, Bantz, and Peterson (1943) astablished 
that the required growth factors are pantothenic, nicotinic, and p-aminobenzoic 
acids. This has made it possible to determine for the first time the specific 
nitrogen requirements of A . suhoxydans. 

METHODS 

The strain of A. suhoxydans was obtained from the University of Wisconsin. 
Stock cultures were maintained on yeast extract glycerol agar slants. The 
inoculum was prepared as described by Underkofler et al. (1943) except that the 
cells were washed once with water. One drop (ca. 0.05 ml) was used to inoculate 
10 ml of medium contained in a 50-ml Erlenmeyer flask. Cultures were in- 
cubated at 30 C for 48 hours unless otherwise indicated. Growth was measured 
in an Evelyn photoelectric colorimeter. 

The basal medium consisting of glycerol, hydrolyzed casein as nitrogen source, 
inorganic salts, and growth factors was that described by Underkofler ei al. 
(1943) except that when amino acids, (NH 4 )jS 04 , or yeast extract was used as 
a source of nitrogen in place of hydrolyzed casein, tryptophane and cystine were 
omitted. All media were adjusted to pH 6.0. 

The 20 amino acids (Merck) employed included synthetic leucine, isoleucine, 
valine, methionine, phenylalanine, glutamic acid, threonine, alanine, aspartic 
acid, lysine, serine, norleucine, and glycine. Those isolated from natural sources 
were cystine, tryptophane, tyrosine, arpnine, histidine, proline, and hydroxy- 
proline. Each 10 ml of medium received 2 mg of the natural amino acids and 
4 mg of the synthetic amino acids. A larger amount of the latter was used since 
it was considered probable that only one of the two isomers would be available 
to A. suhoxydans. 

EXPEBIMENTS 

In agreement with the results of Underkofler et al. (1943) a mixture of the 
20 amino acids listed above could replace hydrolyzed casein for growth of A. 
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suhoxydans. To determine which amino acids of the 20 are required, each one 
was omitted in turn from the medium and the effect on growth noted. Valine 
is essential since no growth occurred in its absence (table 1). Growth was slight 
without isoleucine or alanine. The need for isoleucine may be absolute siM^ 
the small amount of growth obtained in its absence may be due to a small amount 
of isoleucine present as an imiiurity in the synthetic leucine of the medium 
(Hegsted and Wardell, 1944). Somewhat loss than maximum development 
occurred when histidine, cystine, glutamic acid, aspartic acid, proline, or hydroxy- 
proline was omitted. These amino acids can be classified as stimulatory. The 
remaining amino acids are not required by A. suboxydans since maximum growth 
occurred without them. On repeating this experiment, similar results were 
obtained except that cystine and aspartic acid, in contrast to their previous 
slight stimulatory action, had no effect on growth. 

TABLE 1 


Effect of omission of individual amino acids from the amino acid medium^' upon the growth 

of Aceiobacter suboxydans 


ESSENTIAL 

PSOBABLY ESSENTIAL 

STINULATOBY 

NONESSENTIAL 

' 1 





Leucine 

31 

Valine 98* 

Isoleucine. . 

68 

Histidine 

45 

Methionine 

32 

i 

Alanine. .. 

72 \ 

Cystine . . 

. 37 

Tryptophane 

30 




Glutamic acid. 

. 41 

Tyrosine.. .. 

33 


# 


Aspartic acid 

. 38 

Phenylalanine.. . 

28 




Proline 

39 

Threonine 

30 




Hydroxyproline . 

. 38 

Lysine . . 

33 






Arginine. . 

. 32 






Serine 

. 28 






Norlcuciue. 

. 29 





j 

Glvcine 

. 33 


* Per cent transmissible light of cultures grown without the amino acid indicated; un- 
inoculated medium « 100. Cultures grown with all 20 amino acids gave a reading of 32. 

Although valine, isoleucine, and alanine are essential components of the 
nitrogen requirements of A. suboxydans, growth did not take place in a medium 
containing only those three amino acids. This was not due to an insufficiency 
of nitrogen since a threefold increase of each amino acid did not alter the results. 
The further addition of histidine permitted slight growth, which increased on 
continued incubation as described below. The same effect was obtained also 
with proline but not with any of the other amino acids. Glutamic acid, aspartic 
acid, or hydroxyproline, when added to the four amino acids, did not materially 
increase growth. However, on the addition of either of the sulphur-containing 
amino acids, cystine and methionine, to the medium containing valine, isoleucine, 
alanine, and histidine, A. suboxydans developed fairly well although less than 
with the 20 amino acids. This marked effect of cystine and methionine is in 
shaip contrast to their inactivity in the previous eiqteriment in which each amino 
acid, in turn, was omitted from the 20 amino acid mixture (table 1). In that 
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experiment, methionine was present in the medium when cystine was omitted 
and vice versa, so that the effect of each was masked by the presence of the other. 
The apparent nonessentiality of a particular amino acid in this tjrpe of experi- 
ment may, therefore, simply mean that some other remaining amino acid may 
serve the same but, nevertheless, necessary physiological function. On the con- 
trary, absence of growth when one amino acid of the mixture is omitted is fairly 
conclusive evidence that the omitted amino acid is required for growth. Growth 
with the 20 amino acids was about equal to that obtained with hydrolyzed 
casein.' 

The cultures in the medium containing valine, isoleucine, alanine, and his- 
tidine read only 94 after 48 hours of incubation, and this decreased to 78 on in- 
cubation for 3 additional days. Although growth was slow, sparse, and occurred 
in small clumps, all indicative of an unfavorable environment, A. suboxydans 
was successfully subcultured through six serial transfers in the same medium. 


TABLE 2 

Growth of Acetohacter suboxydans with various combinations of amino acids 



% TKANSMISSIBLE UGHT 

AMINO ACIDS IN BASAL MEDlVlf 




Exp. 1 

Exp. 2 

Valine -f isoleucine + alanine -|- histidine -f cystine (A).. . 

52 

60 

(A) 4* proline ... 

29 ' 

34 

(A) 4 hydroxyproline 

38 

37 

(A) 4 serine 

32 


(A) 4 phenylalanine 

41 

37 

20 Amino acids 

29 

29 

Hydrolyzed casein 

17 

27 


The combination of valine, isoleucine, alanine, and histidine represents, there- 
fore, the smallest number of amino acids which can consistently support some 
growth of A. suboxydans. 

Growth was raised to the same level as with 20 amino adds by the addition 
of proline to the medium containing valine, isoleucine, alanine, histidine, and 
cystine (table 2). Hydroxyproline, serine, and phenylalanine were only slightly 
less effective than proline. The somewhat limited spedfidty of tJie latter 
suggests that it may be utilized by A. suboxydans for the synthesis of the 15 or 
more other amino acids normally present in cellular proteins rather than directly 
as a structural building block. The remaining amino adds were substantially 
inactive when substituted for proline. It is tiius established that the nitrogen 
requirem^ts of A. suboxydans are satisfied by a mixture of six amino acids, 
namely, valine, isoleucine, alanine, histidine, cystine, and proline. 

The medium containing these six amino adds, which supported, on repeated 
serial subculture, as much growth as the medium containing 20 amino acids, 
was used in the following experiments. 

* Prepared from S. M. A. Corp. “vitamin-free” casein by hydrolysis with HiS 04 . 
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Effect of amino acid concentration and ammonium sulfate. Inc rea sing the 
concentration of the six amino acids in the basal medium from tlie customary 
2 mg of the naturally occurring isomer per 10 ml of medium to 2, 3, or 4 times this 
amount did not apprApiahly the .amo unt of cel l m;^tance. However, 

Tffie’of less t£iarr2 mg caused a reduction in growtl^(tebie 3). WHh 0.01 to 0.1 
mg of each affi m o acid, Httle^r no growlET occurred. The decrease may be due 
to a critical reduction of one or more of the essential amino acids, but probably 
not all. Nitrogen supply was a limiting factor under these conditions since 
addition ori(JHl 4 j!iSOi led to better growth. The effect of (NH 4 ) 2 S 04 was 
decisive at the lowest amino acid concentrations, which alone fanedlid*8uppbrt 
develoj^ent oFA." At these low concentrations it was n^Ssaiy 

to extend the incubation period to 4 days to obtain maximum effect of (NH4)2S04. 
There is no doubt, therefore, that A. suboxydans can utilize NH 4 -nitrogen for 
growth provided it is supplied with the 6 amino acids which it is unable to syn- 
thesize or which are formed too slowly for normal development. 


TABLE 3 

Influence of amino acid concentration and (N 114)280 4 on the development of Acetohacter 
suboxydans in the amino add medium'^ 


AMOUNT or EACH 
AMINO ACID PEE 

10 ML OF MEDIUM 

OEOWTH AFTBE 2 DAYS 

GEOWTB AFTEE 4 DAYS 

Without (NH4 )sS04 

With (NH4)*S04 

Without (NH4)aS04 

With (NH4 )xS04 

mg* 


Per cent transmissible light 


2.0 

33 

24 

25 

21 

1.0 

43 

30 

36 

27 

0.5 


40 

47 

36 

0.1 


81 

87 

65 

0.05 

94 

90 

93 

62 

0.01 

94 

93 

96 

60 


* In terms of the Z-isomer. 


(NH 4 )iS 04 could not be substituted for any of the 6 amino acids required by 
A. suboxydans. 

Influence of nitrogen source on rate and type of growth. When bactoyeast 
extract (0.4 per cent) was used as a source of nitrogen, A. suboxydans multiplied 
more rapidly and somewhat more extensively than with the six amino acids 
(figure 1). The lag phase with the latter lasted for about 12 hours compared 
to 6 hours with yeast extract. It was not reduced by the addition of aspiaraj^e, 
glutamine, glucose, or (NH 4 ) 2 S 04 , althou^ a combination of 0.1 per cent of the 
latter two substances increased total growth slightly. Also, substitution of 
mannitol or sorbitol for glycerol, addition of reducing agents (sodium thiogly- 
collate and ascorbic acid), or use of inoculum grown in the amino acid medium 
did not affect either the rate or amount of growth in the amino acid medium. 
Delayed growth was noted both in stationary and agitated cultures. During 
the period of rapid increase, however, the rates in both media were approximately 
equal. 
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Growth with yeast extract occurred uniformly throughout the medium, and 
within 48 hours usually a delicate, fragile, surface membrane was evident. In 
contrast, initial growth in the synthetic amino acid medium adhered to the 
bottom and sides of the flask, leaving the body of the medium almost entirely 
clear. Later, a well-defined, surface pellicle formed, which could be dispersed 
only by vigorous shaking. The pellicle contained most of the cells of the culture. 
This type of surface growth was almost always obtained and appears to be 
characteristic for the synthetic amino acid medium. 

Deamination of amino acids by resting cell sttspensions. Cells were obtained 
from approximately 20-hour cultures grown on yeast extract glycerol agar 
medium. They were washed and suspended in .m/15 phosphate buffer at pH 



Fig. 1. Hate of Gbowth of A.^suhoxydans in Synthetic Amino Acid and Yeast 

Extract Media 

6.7 to give a reading of 3 on the photometer. Five ml of cell suspension (equiv- 
alent to 32 mg of dry cells) and 5 ml of buffer containing an amount of amino 
acid equivalent to 2 mg of nitrogen of the natural isomer were mixed in a large 
tube fitted for aeration. One-tenth ml of tributyl citrate was added to reduce 
foaming, and a slow stream of either air or nitrogen was bubbled through the 
mbcture (placed at 37 C) for 16 hours. The ammonia liberated was determined 
by distillation into n/70 HCl and titration of excess acid witli n/70 NaOH. 

Under aerobic conditions, 10 of the amino acids were deaminated either com- 
pletely or more than 50 per cent (table 4). More than 100 per cent of the nitro- 
gen in alanine, aspartic acid, and serine, calculated in terms of the Wsomer, was 
obtained as NHrN, indicating that both enantiomorphs of those amino acids 
were attacked. Proteus and Pseudomonas aeruginosa, under similar conditions, 
also decompose both isomers of alanine and serine (Bemheim, Bemheim, and 
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Webster, 1935; Webster and Bemheim, 1936). Seven of the amino acids were 
deaminated to the extent of 50 per cent or less. Little or no NH* was obtained 
from leucine, isoleucine, or valine. Since the latter two amino acids also are 
required, preformed, for growth of A. suboxydans it is probable that they are 
utilized for synthesis .of protein without extensive modification. 

Anaerobically, little or no deamination occurred with any of the amino acids 
with the exception of serine both isomers of which were attacked. 

According to these results, A. suboxydans decomposes amino acids primarily 
by a process of oxidative deamination. This is in contrast to the data of Miyaji 
(1925) which indicate that other acetic acid bacteria reductively deaminate 
glycine and tyrosine, but is perhaps more in accord with the highly aerobic 
character of these organisms. 


TABLE 4 

Aerobic deamination of amino acids by resting cell suspensions of Acetobacter suboxydans 


PES CENT mTSOOSM UBSEATSD A8 NH| 


100.50 

5(hl0 

1(H) 

Glutamic acid 

Cystine 

I-»eucine 

Aspartic acid 

Methionine 

Isoleucine 

Alanine 

Tyrosine 

Valine 

Lysine 

Phenylalanine 


Arginine 

Threonine 


Tryptophane 

Norleucine 


Histidine 

Glycine 


Serine 



Proline 



Hydroxyproline 




SUMMARY 

The amino acids required by Acetobacter suboxydans for growth were deter- 
mined. The organism multiplies to a limited extent in a medium consisting 
of glycerol, salts, essential growth factors, and a combination of valine, isoleucine, 
alanine, and histidine as nitrogen source. Growth is considerably improved 
by the addition of either cystine or methionine. The further addition of proline 
increases growth to the level obtainable with a mbcture of 20 amino acids or 
hydrolyzed casein. However, development is not so rapid and somewhat less 
extensive than with yeast extract. At suboptimum concentrations of the six 
required amino acids, (NH 4 ) 2 S 04 stimulated growth. 

Resting cell suspensions of A . suboxydans deaminate most amino acids under 
aerobic conditions. Both optical isomers of alanine, serine, and aspartic acid 
are attacked. Under anaerobic conditions only serine is deaminated to any 
appreciable extent. 
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(U^OSTHIDII M PARyVSPOROfiEXKR, AN INVALID SPE( lES 

(I. B. Rr:i:i) 

Qui'cn\s rnirmiiifj Kingafon, (Uinada 
B(‘ccivo(l for publinifion K(*hriiiiry 2, ltH5 

Twenty-five y(*ars ago AL^Iiitosh (1917) isolated an organism from a gas 
gangrenous uoiind \\)n(*h gave th(‘ bioehemieal reactions of Clostridium spar- 
ogruvs, but ^^h(U’eas tli(‘ (ypical (\ sporofirnrs (*oloni(‘s are fimbriate, freciuently 
witli wid(‘-s|)rea(ling rbizoids, <Le new organism grew in almost entire, smooth, 
low, convex colonies. This was first described as Bacillus type XII (McIntosh, 
1917) and later as Bacillus parasporogenes (McIntosh, 1919). It is included in 
th(‘ first and subse([uent editions of Bergey's Manual Clostridiimi pnrasporo- 
genes (McIntosh) H(‘rgey el al. No attention af)p(‘ars to have been given the 
organism sinc(‘ that time, but Weinberg ct oL (1937) sugg6\st that “il s'agit 
prol)a.bl(Mnent (rum* race de B. sporogenes.'' This is (pioted by Spray (Bergey's 
Manual, otli (‘(lit ion). 

Only two cultuns, which app(‘ar to be (lire(‘t (l('s(*endants of McIntosh’s 
original culture* could be* locat(*(l: no. 093 of the Ameri(‘an Type (’ulture Collec- 
tion, and one kindly supj)li(*d by Dr. McCoy, Cniversity of Wisconsin, labeled 
C. parasporogenes, .strain Mclntosli. The colony structure of the two cultures 
has b(*(*n compan'd in some detail with nine cultures from various soun'es 
lab(*l(‘d C. sporogenes. .Vt the saim* timc‘ a comparison has be(*n made of varia- 
tion in th(* two s(‘ts of cultiuvs. 

All th(\s(' culture's, both those labeh'd C. parasporogenes and C. sjmrogeneSy 
gave* typical bioclie*niical r(*actions for C. sporogenes (Re^ed and Drr, 1941). 

“C. parasporogenes"' no. 093, A. T. (\ (’olleetion, the stock culture, on plating 
o?i blood agar, jx'ptone* thioglycollate agar, or subsurface plates on sennisolid 
pe'ptone thioglycollate agar (Herd and Orr, 1941 ), dev eloped abexit equal numbers 
of smooth and rough colonie's. The smex)th colonies were nearly entire, smooth, 
flat to low convc'x on the surface* of solid media and lentieailar to spherical smooth 
in pouix'd plate's of semisoliel nu'dium, i.e., the*y fitted exactly McIntosh’s 
original d(\s(*ription of C. parasporogenes (figure I). The rough colonies, in 
sharp (‘ontrast, w’e*r(* spre'ading fimbriate colonies with irregular rhizoids on the 
surface of solid menlia and definitely woolly in subsurface gre^wth, i.e., typical 
C. sporogenes colonie^s (figure 2). 

Rough and smooth colonie's were fished from primejjry platexs made from the 
original stock e*ulture. Afte»r eight generations of single colony selection the 
rough strain still produced only rough colonies. The most characteristic 
smooth colonies were selected, and single colony isolations carried out for eight 
generations. The majority of colonies in all these cultures were smooth, but 
a few' rough colonies e*ontinued to appear, and seleeded rough colonies always 
bred rouglx. This is clearly a case of variation from the (’. parasporogenes 
smooth type of (‘olony to the C. sporogenes rough type. 
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“r. pamsporogcncs, strain McIntosh/’ Dr. McCoy’s collection, wlien plated 
from the original cultine and after reptjated transh'rs in vaj'ious media, yiidded 
only the characteristic fimhriate to rhizoid colon ie^s charactenistie* of C, sporogenca. 
Repeated selection of the lerist limbriatod colonitvs faile^d to establish a smooth 
type. If this is a de'seendant of McIntosh’s original culture*, it is apparent that 
variation from sme>oth to a relatively stable remgh form has occurreMl. 



2 


Fir,. 1 . Colony Form C. paraspokooenes 
Fig. 2. Colony Form C , sporogenks 

C, sporogenes no. 1 1050, A. "F. (\ (/ollectiem, em re^peat eel plating also produced 
only characteristic rough coleinies, but after selecting the least rhizoiel coleniies 
fe>r some ten generations a few perfectly snieKith colonies appeared. Repeateel 
single coleny transfers resulted in a tine breeeling srneioth form which remaineel 
smoeith for several generatieins. But after aging for a month in chopped meat 
the strain had partly reverted to the rough form. By selection, therefore, a 
typical C. sporogmes becomes, for a time, a C. parasporogenes type. 
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C. sporogciicfi no. 7089, A. T. (\ ( 4)llecti()n, jiroduccMl on tlu* first })hiling both 
smooth and rough colonies. The smooth colonies, resembling (\ parasporo- 
(irncSj bred tru(^ to iype for s('V(‘riiI gimcTations of single colony s(‘le(*tion. Aging 
for a month in chopped m(*at faih‘(l to imluce any chang(\ But four daily 
transfers in broth containing 1 p(T cent LiCl n^sulfed in a 50 pi^r cent nnersion 
to the rough typ(\ This rough type bred tru(‘ for s(*veral generations as a 
characteristic ( ^ f^yorogems. 

Six additional cultures of (\ nporogencs yielded only typical rough colonies 
with fimbriate to rhizoid margins. Daily or twice daily transfers in fluid media 
for long pcu’iods fail(‘d to ])roduc<‘ any detectabh' x ariation in colony stnicture. 

WfMiiberg (i al. fl937) state that tluae is an antigtmic difference between 
.sporogrnrs and (\ paraHporogchVH, Smooth and rough forms isolatiHl from 
r. parasporogrnrs, strain no. (i93, as described in an earlier paragi-aph, have 
been compared in agglutination reactions. Ja\'ing 24-h()ur cultures of the 
smooth and th(‘ rough forms w(‘re injecti^d into ral)bits intravenously. J'ive 
(loses were gi\’('n at 4-day intervals, and the animals were bh'd 10 days after 
th(' last dos(\ Agglutination r(*actions were carried out with these s(M*a and 


TVH14-: 1 


.{(/(jluhtHifton o/ Hmoitth and rovgh types hy antismooth and anlm>nyh seta 




ANTISI Kl M 


VIWIVIM \(.(,Ll TIN VllON TITFK 


Smooth t> pc 
Itou^h tyfx' 
Smooth type 
Rough ty])c 


Aiitismooth 
Antismoolh 
Afitirough 
Ant i rough 


1-S() 

1-20 

1-2 

1-40 


similar living cultures of smooth and rough forms as antigens. Results are 
summarized in tabh' 1 . This clearly indicates an antigenic diflerence; the differ- 
(‘uce, however, is comparable w ith wdiat is observed in S and R forms of many 
s[)ecies. 

Since colony structure and antigenic content art' the only differences which 
have been indit^ated bi^tween .^porogenes and (\ para^sporogettes and since (\ 
sporogrnvs ha^ been shown to produce, by variation, the parasporogenrs 
form, it is suggested that (\ panif^porogenes is an invalid species. 
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The practicability of typing cases of influenza at hospital laboratories in the 
event of a future outbreak was suggested in an earlier report from this section 
(Florman and Crawford, 1944). At that time a simple modifleation of the 
Hirst technique was presented. For its application the only reagents which 
might not be readily available in clinical laboratories would be viruses of satis- 
factory hemagglutinating titers. These might be furnished by some large 
central laboratory. In order to determine the most satisfactory manner in 
which these hemagglutinating reagents might be supplied, the present study 
was imdertaken. 


PLAN OF STUDY 

Allantoic fluids containing influenza A(PR-8) and B(Lee) viruses were diluted 
with buffered saline and various bacteriostatic agents, and examined for hemag- 
glutinating titers at r^lar intervals over a period of 9 weeks. The agents 
tested were 0.2 per cent formaldehyde (0.07n), 0.2 per cent sulfanilamide, 
33 per cent buffered glycerol, and, as a control, a phosphate-buffered 0.9 per 
cent solution of sodium chloride of pH 7.6. Two-ml portions of each were pre- 
pared in duplicate and stored in small, sterile, screw-top bottles. Each batch 
was adjusted to give a hemagglutinating titer with chicken cells of 1-320. One 
set was kept at room temperature (approximately 20 C) and the other in the 
icebox (approximately 4 C). At regular intervals some of the material from 
each bottle was tested for its hemagglutinating capacity, bacterial contamination, 
and infectivity. 


BBSULTS 

The hemagglutination titers are given in table 1. The slight differences in 
titer from week to week are attributed to technical variations. The only 
unsatisfactory means of storage was with the 0.2 per cent formaldehyde. All 
others mmntained a satisfactory titer for at least 61 days. At the end of this 
period th^ were used successfully with a known influenza serum. The fluids 
stored in the icebox t^ded to keep slightly better, though this difference was 
not striking. 

Bacteriological cultures on blood agar were made from each of the bottles 
at the start of the experiment, after one month, and again after two months. 
No special precautions were taken during the frequent openings of the bottles 
in order to simulate conditions which mi^t prevail in the Add. At the end of 
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one month, except for the formaldehyde-treated material, all fluids stored at 
room temperature were contaminated. At the end of this same period, with the 
exception of slight growth in one of those treated with glycerol, no bacteria 
were cultured from any of the fluids stored at 4 C. After 61 days of icebox 
storage both of the fluids to which formaldehyde and sulfanilamide had been 
added and one of the saline controls were bacteria-free. 

Tests for infectivity were performed by inoculating the allantoic cavities of 
11-day embiyonated chick eggs. After inoculation these eggs were incubated 
for 48 hours more at 37 C and then stored overnight at 4 C. The allantoic 
fluids were then harvested and tested for hemagglutinating titer. The first 
inoculations were made after two weeks. By this time all of the fluids stored 
at room temperature had lost their infectivity. However, after 21 days the 
influenza A saline control which had been kept at 4 C showed a titer of 1-320 


TABLE 1 

Serial hemagglutinating titers after storage of allantoic fluids containing influenza virus 


1 

AT ROOM tempehatxjm: (approx. 20 c) 

i 

AT ICEBOX TElfPERATUSE 

(appeox. 4 c) 

DAYS or 
STOSAOS 

Influenza A 

Influenza B 

Influenza A 

Influenza B 


0.2% 

0.2% 

33% 

0.9% 

0.2% 

0.2% 

33% 

0.9% 

0.2% 

0.2% 1 

33% 

0.9% 

0.2% 

0.2% 

33% 1 

0.9% 


form. 

sulfa. 

giy. 

salT 

form. 

sulfa. 

gly. 

salT 

form. 

sulfiU 

gly- 

salT 

form. 

sulfa. 

gly- 

saL 

0 

320 

320 

320 

320 

320 

320 

320 

320 

320 

320 

320 

320 

320 

320 

320 

320 

7 

<10 

160 

320 

320 

<10 

320 

3^ 

320 

40 

320 

160 

320 

40 

640 

320 

320 

14 

<10 

320 

320 

320 

<10 

320 

160 

160 

<10 

160 

320 

320 

<10 

320 

320 

320 

21 

10 

320 

320 

160 

<10 

640 

320 

160 

<10 

320 

320 

320 

<10 

320 

320 

640 

27 

<10 

320 

320 

320 

<10 

640 

320 

160 

<10 

320 

160 

320 

<10 

160 

160 

320 

34 

<10 

640 

<10 

640 

<10 

640 

320 

320 

<10 

320 

320 

160 

20 

640 

320 

640 

41 

<10 

320 

160 

160 

<10 

320 

160 

320 

<10 

320 

160 

320 

<10 

320 

320 

320 

48 

<10 

320 

160 

320 

<10 

320 

320 

320 

<10 

320 

160 

160 

<10 

320 

160 

320 

66 

<10 

320 

160 

160 

<10 

320 

320 

320 

loi 

320 

160 

160 

<10| 

640 

320 

320 

61 

<10 

160 

160 

160 

<10 

640 1 

320 

320 

<10 

320] 

320 

320 

<10' 

640 

320 

160 


in one of three e^s. When retested after 61 days, there was no evidaice of 
infectivity. In contrast, two of three eggs inoculated with the 0.2 per crat 
sulfanilamide-treated fluid and stored in the ice box showed a titer of 1-320 
after four weeks. At the end of the experiment, 61 days, there were sufiicient 
viability and multiplication to give a titer of 1-640 in one of three egp inoculated 
with this same fluid. 

All of the fluids developed some turbidity on storage. This was slightly more 
marked in those kept at room temperature. However, in no instance did this 
interfere with the performance of the test. 

COMMENT 

As part of an earlier experiment, some influenza A and B virus, adjusted to 
give a hemagglutinating titer of 1-320, was stored in the icebox in 33 per cent 
glycerol and in buffered saline. After 139 days a titer of at least 1-lW could 
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be demonstrated with each batch of virus. Somewhat similar observations 
have been made by others with influenza A (Pearson, 1944). 

It is noteworthy that the presence of contaminating bacteria did not impair 
the usefulness of these fluids in tlie hemagglutinating reaction. Nevertheless 
reasonable precautions against contamination should be taken since certain 
bacteria, e.g., strains of Escherichia coli, possess the property of agglutinating 
red cells (Rosenthal, 1943). 

Formaldehyde in the strength used in these experiments (0.2 per cent) is 
an excellent bacteriostatic agent, but over a short period of time it destroys the 
virus. This effect has been attributed to its action on the virus protein (Knight 
and Stanley, 1944). Glycerol (33 per cent) and sulfanilamide (0.2 per cent) 
have no untoward effects. 

Pearson (1944) recently reported that the hemagglutinating activity of in- 
fluenza A (PR-8) was no better conserved in frozen and dried allantoic fluid 
than in material stored in the fluid state at the same temperature. 

The present experiment demonstrates again that the infective and hemag- 
glutinating capacities of influenza virus arc separable. 

CONCLUSIONS 

No special storage precautions are necessary for the maintenance of a satis- 
factory hemagglutinating agent for typing influenzal sera for a period of two 
months. 

However, since .slightly better results are obtained with their use, 0.2 per cent 
sulfanilamide and icebox storage are recommended. 
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Addendum: Since this report was submitted for publication, an exhaustive study by 
Stanley of the preservation of purified influenza virus has appeared (Stanley, W. M. 
1945. The preparation and properties of influenza virus vaccines concentrated and puri- 
fied by differential centrifugation. J. Exptl. Med., 81, 193-218). His findings with the 
untreated highly concentrated and purified virus were of a similar nature to the obser- 
vations reported here for crude virus-containing allantoic fluids. 
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A NEW TYPE SALMONELLA 


CHARLES C. RANDALL. Major, M.C. and DORSEY W. BRUNER, Captain, V.C. 

Received for publication February 9, 1945 

The two cultures studied were isolated from American soldiers acting as food 
handlers in a replacement depot somewhere in North Africa. Both cultures 
possessed the cultural and biochemical characteristics of Salmonella^ with the 
exception of gelatin liquefaction. Acid and gas were produced from arabinose, 
dulcitol, glucose, inositol, and xylose. Lactose, salicin, and sucrose were not 
fermented. Dextro-tartrate and citrate were attacked, hydrogen sulfide was 
produced, but no indole w^as formed, and gelatin w^as liquified within 10 to 15 
days. The proposed name is Salmonella canasteL 

Alcohol-treated suspensions of the microorganism were agglutinated to the 
titer of Salmonella gallinarum O serum (IX, XII. . .). The presence of antigen 
I was not detected. In absorption tests the bacterium removed all agglu- 
tinins from S. gallinarum O serum. The O antigens of Salmonella canastel are 
IX, XII. . . . 

The organism was diphasic and phase 1 was agglutinated to titer by Salmonella 
tennessee (Z29) antiserum. In absorption tests it was found that S. canastel re- 
duced the titer of Z29 antiserum from 10,000 to 200. For diagnostic purposes 
phase 1 of the microorganism may be designated as 

Phase 2 of 5. canastel was agglutinated by serums derived from all the non- 
specific phases of the Kauffmann-White classification. When tested with 
absorbed serums containing agglutinins for factors 2, 3, 5, 6, 7, and 10, respec- 
tively, it w^as agglutinated only by 3 and 5 serums. In absorption tests, S. 
canastel reduced the agglutinins of Salmonella cholerae-suis var. kunzendorf 
antiserum from a titer of 10,000 to a titer of 200. Phase 2 of S, canastel may be 
expressed as 1, 3, 5. . . . 

* SXJMMABY 

The diagnostic formula of Salmonella canastel is IX, XII. . Za®-!, 3, 5. . . . 
This is the first time the antigenic factor Z29 has been foimd in a diphasic type. 
It is noteworthy that Salmonella dar-es-salaam (IX, XII. . .: 1, w. , . -e, n. . .), 
a member of somatic group D, also liquefies gelatin. 

A NOTE ON THE TRIBE MIMEAE (DE BORD) 

WILBUR E. DEACON 
Captain^ Sn.C., A,U.S. 

Received for publication February 10, 1945 

During the past several months 19 cultures were isolated and classified in 
the three genera of the tribe Mimeae described in 1942 by De Bord (Iowa State 
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Coll. J. Sci., 16, 471). Eight cultures which failed to ferment carbohydrates 
were classified in the genus Mima, whereas 10 cultures which produced acid 
were listed in Herellea, and 1 culture which produced acid and gas was placed 
in the genus Colloides. They were recovered from previously unreported sources, 
and show certain variances in biochemical features from the described species, 
certain pathogenicity relationships, and serological types within a species. 

Morphologically all cultures agreed with the original descriptions in showing 
varying degrees of pleomorphism. The outstanding form was a gram-negative 
diplococcus not unlike members of the genus Neisseria (De Bord: J. Lab. Clin. 
Med., 28, 710). In all cases, rods, filaments, or both, as w'cll as diplococci, 
could be demonstrated. All of the cultures showed gram stain variability 
although most of the organisms in any preparation gave a negative reaction. 

Three strains in the genus Mima were recovered from therapy-resistant 
gonorrhea in the male, 3 from war wounds, 1 from a chancroid lesion, and 1 from 
brain tissue following head injury. Five strains agreed with the description of 
the type species or its “o.xidase positive” variant. Three variant related strains 
failed to agree with the type species; 1 culture utilized citrate, and 2 reduced 
nitrates to nitrites. 

Guinea pigs were employed for pathogenic studies. Jntraperitoneal and 
subcutaneous inoculations were made with 0.5 ml of a 24-hour broth culture. 

One strain in the genus Mima proved lethal to the guinea pig within 12 hours 
when injected intraperitoneally. Autopsy findings show'ed definite inflamma- 
tion of the adrenal glands and the heart’s blood contained the injected oiganLsms. 
Subcutaneous inoculation failed to produce either lesions or death. This patho- 
genic culture was recovered from a war wound and agreed with the “oxidase 
positive” variant. 

Nine of the 10 cultures classified as Herellea were recovered from cerebro- 
spinal fluid following head injury, and 1 from urine following an operation for 
ureteral stricture. All cultures were physiologically identical but failed to 
agree with the description of the t3T)e species by feiroenting lactose and failing 
to ferment either mannitol or dulcitol. Serologically they were separated into 
3 distinct types by means of the “Quellung” reaction. Intraperitoneal injection 
of all Herellea cultures killed guinea pigs in 12 to 42 hours. Subcutaneous 
inoculations proved nonpathogenic, and autopsy findings were the same as 
those described for the genus Mima. 

A single culture recovered from a clinical case of “gas gangrene” was placed 
in the genus Colloides. It did not agree with the description of the type species 
since it failed to produce indole and was methyl-red-negative. This strain 
killed guinea pigs in 18 hours following intraperitoneal injection. It was non- 
pathogenic by subcutaneous inoculation. Autopsy findings were the same as 
those already described. 

Extensive work is in progress dealing with pathogenicity, specific antigenic 
capsular substances, and generic antigen relationships. 
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A PARACOLONLIKE BACILLUS ISOLATED FROM COLITIS 

IN AN INFANT^ 

P. R. EDWARDS 

Department of Animal Pathology, Kentucky Agricultural Experiment Station, Lexington, Ky. 

Received for publication February 16, 1945 

In previous communications a group of paracolon bacilli which are definitely 
pathogenic for animals was described (J. Infectious Diseases, 70, 185; 73, 229). 
These strains are similar to ^^Salmonella arizona^^ of Kauffmann and they attack 
both warm- and cold-blooded animals. Their occurrence in snakes was recently 
recorded by Ilinshaw and McNeill (Cornell Vet., 34, 248). The group is closely 
related serologically to Salmonella, some strains having complete Salmonella O 
antigens as well as H antigens which are similar to those of certain Salmonella 
strains. They differ from Salmonella in that they liquefy gelatin slowly and 
ferment lactose. The fermentation of lactose varies in different strains from 
those that produce acid and gas in 24 hours to those that must be transferred 
serially in lactose in order to demonstrate a slight production of acid from the 
sugar. 

The purpose of the present note is to record the occurrence of a member of 
this group in an intestmal infection in man. In September, 1943, a culture was 
received from the laboratories of the Virginia State Department of Health 
for identification. It was isolated from the stools of an eleven-month-old baby 
affected with acute colitis. No other pathogenic organism was found in the 
specimen. The organism was a methyl-red-positive, Voges-Proskauer-negative 
strain which produced large amounts of hydrogen sulphide, but did not form 
indole. Gelatin was liquefied after 20 days* incubation. Growth occurred on 
Simmons* citrate agar and in Koser*s citrate medium, Dextro, levo, and meso 
tartrate were not attacked, but mucate w^as utilized. Acid and gas were pro- 
duced from glucose, maltose, rhamnose, xylose, arabinose, sorbitol, and mannitol. 
Lactose, sucrose, inositol, dulcitol, adonitol, and salicin were not fermented. 

Serological examination revealed that the culture possessed antigens typical of 
the “/S. arizma” group. The H antigens were identical with those of ‘‘arizona** 
whereas the O antigens were identical with those of type 3 paracolon of Edwards, 
Cherry, and Bruner (Zoc. ciL). Inasmuch as the culture was a typical member 
of the “arizona** group as judged by its antigenic composition, it has been con- 
sidered a paracolon bacillus even though it has been impossible to demonstrate 
lactose fermentation by this strain. The culture was transferred serially in 
lactose broth for eight months and was also transferred serially in broth con- 
taining 5 per cent lactose. No evidence of fermentation was observed. The 
culture in question is one of those strains the occurrence of which renders difficult 
the establishment of sharply defined genera in the Enterobacteriaceae. 

^The investigation reported in this paper was conducted in connection with a proj- 
ect of the Kentucky Agricultural Experiment Station and is published by permission 
of the Director. 
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A NEW SALMONELLA TYPE: SALMONELLA PAPUANA 
KINGSTON S. WILCOX,! P. R. EDWARDS,* and MARGARET COATES* 
Received for publication February 2, 1945 

Salmonella papuana was isolated^ from a stool specimen showing blood and 
mucus. No further clinical history is available. The specimen came from a 
patient in a U. S. Army Station Hospital located at Port Moresby in the province 
of Papua. The culture was received as a suspected Salmonella and had been 
submitted for definitive classification and antigenic analysis. 

Cultural characteristics. The organism possesses the morphological, cultural, 
and biochemical characteristics of the Salmonella genus. It is a gram-negative, 
motile, nonsporeforming rod. Acid and gas are produced in glucose, maltose, 
mannitol, xylose, arabinose, dulcitol, rhamnose, and sorbitol. Lactose, sucrose, 
inositol, and salicin are not fermented. Dextro-tartrate and citrate are utilized. 
It produces hydrogen sulfide but does not form indole or liquefy gelatin. 

Serological study. Alcohol-treated stispensions of the organism were ag- 
glutinated by SalmoneUa oranienburg O serum (VI, VII. . .) and by Salmonella 
newport O serum (VI, VIII. . .) which places the strain in group C according to 
the Kauffmann-White diagnostic schema. When tested with single factor 
absorbed serums, it was found to possess somatic antigens VL, VI*, and VII. . . . 

Examination of the flagellar antigens of the new type revealed that it was 
diphasic. Phase 1 was flocculated to the titer of serum derived from phase 1 
of SedmmeUa ndnslaw (r) and in absorption tests S. papuana removed all flagellar 
agglutinins from S. rubislaw serum. Phase 1 of S. papuana is, therefore, 
designated as r. 

Phase 2 of S. papuana was agglutinated by SalmoneUa glostrup, phase 2 
(enzu. . .) and Salmonella abortus-equi (enx. . .) sera. Absorption tests showed 
that S. papuana removed all of the flagellar ag^utinins from S. glostrup, phase 
2 serum, but would not remove all of the agglutinins from S. abortus-equi serum. 
Further studies using absorbed single factor x. . . and zu. . . sera showed that 
phase 2 of S. papuana may be designated as enzu. . . . 

* Major, Sanitary Corps, Army Medical School, Army Medical Center, Washington 12, 
D. C. 

* Department of Animal Pathology, Kentucky Agricultural Experiment Station, Uni- 
versity of Kentucky, Lexington, Ky. 

* Division of Bacteriology, Army Medical School, Army Medical Center, Washington 12, 
D. C. 

* Isdated by First Lieutenant S. B. Goldwasser, 8n-C. 
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SUMMABY 

A new Salmonella type isolated from a human stool specimen has been 
described. No reference has been found in the literature to an organism possess- 
ing the same antigenic stnicturc. The organism described is designated Sal- 
monella papuana and has the antigenic formula VIi, VIj, VII. . r; enzis. . . . 


PURIFICATION OF HIGH TITER TETANUS TOXIN 

M. J. PICKETT, P. D. HOEPRICH, and H. O. GERMAIN 

Department of Bacteriology and Immnjiologyy Harvard Medical School, and School of Public 

Health, Boston, Massachusetts 

Received for publication February 23, 1945 

Platon and Gronau (J. Bact., 36, 423) have purified tetanus toxin by (1) 
precipitation with cadmium chloride followed by elution of the toxin with 
2 per cent sodium phosphate at pH 7.8, and (2) precipitation with ammonium 
sulfate followed by dialysis. Their crude toxin contained 250 X 10~® mg Na 
per mouse M.L.D. whereas the purified preparations contained ca. 2 X 10"^ mg 
N 2 per M.L.D. 


TABLE 1 


Total nitrogen and M.L.D. in crude and purified tetanus toxin 


TOXIN 

NO. 

POBIFICATION 

ntOCEOUUE 

TOTAL N, 

M.L.D. 
PXIt ML 

Nx P£S M.L.D. 

Lf PEK 
M.LJ). X 

YIELD* 

PUE171> 

CATXONf 



mg/ml 


mg 


per cent 


1 

crude 

2.36 

800,000 

2.95 X 10“« 

0.9 




NH4 

0.0147 

400,000 

0.037 X lO"* 


50 

80 

2 

crude 

2,39 

300,000 

7.97 X 10-® i 

1.3 




NH4 

0.0166 j 

200,000 1 

0.083 X KT® 

1.8 

67 

96 


Cd 

0.0180 1 

200,000 1 

0.090 X 10“® 

1,0 

67 

89 


Cd, NIL 

0.0057 

100,000 

0.057 X 10“® 

1.3 

33 

140 

3 

crude 

2.36 

400,000 

6.90 X KT® 

1.1 




Cd, NH 4 

0.0076 

200,000 

0.038 X KT-® 

1.1 

50 

! 155 

4 

crude 

2.37 

300,000 

7.90 X i(r« 

1.0 




Cd, NHi 

0.0035 

150,000 

0.023 X 10~« 

1.2 

50 

344 


> Yield 100. 
M.L.D./m] (crude) 

.. mg N 1 /M.L.D. (crude) 

t Purification — xt t n "? — 

mg Ni/M-L.D. (purified) 


A strain of Clostridium tetani is now avsdlable in this laboratory which is 
capable of producing remarkably hig^ yields of to^ on certain types of media 
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containing an excess of iron (Mueller and Miller, J. Immunol., in press). For 
purposes of attempted purification it has been grown in a heart infusion medium 
containing glucose, tryptic digest of casein, and an excess of reduced iron. The 
crude toxins obtained from this medium contain 200,000 to 800,000 mouse 
M.L.D. per ml (co. 5 X 10^ mg Ns per M.L.D.). Several lots of the crude 
toxin have been purified by precipitation with cadmium chloride according to 
Eaton and Gronau, by precipitation with 0.5 saturated ammonium sulfate 
followed by dialysis at 0 to 5 C against 0.9 per cent NaCl, or by precipitation 
with cadmium chloride and reprecipitation with ammonium sulfate. The best 
preparation (table 1, toxin no. 4) contained 0.023 X 10“* mg Nj per M.L.D. 
The relatively constant ratio, Lf/M.L.D., indicated that losses during purification 
did not result from inactivation of toxin; rather, losses resulted largely from 
incomplete elution from the cadmium precipitate. 

Although the Ns/M.L.D. ratio represents a toxin of a hundredfold greater 
purity than any previously obtained, we have as yet no evidence that a limit of 
purification has been reached. Further, these data do not yet exclude the pos- 
sibility that the toxic entity is nonprotein and that it is carried through the 
piirification procedures by adsorption on inactive protein. Indirect evidence, 
however, argues against this assumption: 80 per cent of the total nitrogen of the 
purified preparations is precipitated by 5 per cent trichloroacetic acid and 70 
per cent by 1 per cent metaphosphoric acid; and the total nitrogen, calculated 
as protein, constitutes 100 ±2 per cent of the dry weight in the purified 
preparations. 


TRIPLE-SUGAR IRON AGAR MEDIUM FOR THE IDENTIFICATION 
OF THE INTESTINAL GROUP OF BACTERIA 

A. A. HAJNA 

Bureau of Bacteriology, Maryland Slate Department of Health, Baltimore, Maryland 
Received for publication March 2, 1945 

Kligler’s iron agar medium has replaced Russell’s and Krumwiede’s medium 
in many laboratories as a primary differential medium for enteric pathogens. 
The advantage of Kligler’s medium over Russell’s and Krumwiede’s lies in the 
reaction for H*S. Since practically all members of the EbertheUa and Salmmella 
genera produce HjS whereas those of the genus Shigella do not, this reaction is 
of great practical importance in combination with the characteristic differential 
reactions of acid and gas production first suggested by Russell, and by means 
of which enteric pathogens can bo distinguished from coliform and other non- 
pathogenic bacteria. The value of Kligler’s medium has been limited by the 
fact that HjS is not produced by all strains of EbertheUa typhosa and by certain 
members of the genus Salmonella. Production of HjS is sometimes so slow 
that reactions may be negative at the important 18 to 24-hour incubation period 
and the reactions are not always so clear-cut as is desirable. 

A new triple-sugar iron agar (TSI) medium has been developed which ^ves 
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more satisfactory reactions, that is, reactions which are more clear-cut for acid 
and gas, and more sensitive for HjS. This is important since selection of car- 
bohydrate test media to be used for preliminary identification of members of 
the Eberthella, ScUmoneUa, or Shigella genera should be based on the TSI reac- 
tions. The formula for the TSI medium is given below. 


To each liter of distilled water, add 

Agar (dry) 13.0 g 

B.B.L. nutripeptone* 20.0 g 

Sodium chloride 5.0 g 

Dissolve in the Arnold sterilizer or in flowing steam in the autoclave. When melted, 
adjust to pH 7.5. 

Admix 

Lactose 10.0 g 

Sucrose 10.0 g 

Glucose 1.0 g 

Sodium thiosulfate 0.2 g 

Ferrous ammonium sulfate. . . . 0.2 g 

Check the pH, which should then be 7.4. 

Lastly, add 

Phenol red (1% aqueous solution) 2.5 ml. 


Dispense approximately 5 ml. in 15 x 100 mm tubes. Autoclave at 12 pounds pressure 
for 15 to 17 minutes. 

* Bacto-peptone 15 g plus bacto-proteose peptone 5 g gives equally good results. 

Sodium sulfite and meat extract have not Iwcn found to increase materially 
the production of HjS. The role of sucro.se in the medium is to elinodnate cer- 
tain sucrose-fennenting, non-laotose-fermenting bacteria of the Proteus and 
paracolon groups. 

All of the Salmonella cultures listed in Circular 54 of the University of Ken- 
tucky, plus 26 types recently furnished by Dr. P. R. Edwards, were used in 
this investigation. Very few Salmonella organisms failed to produce HjS, 
notably S. paratyphi A, S. abortus-equi, S. typhi-suis, S. berta, S. sendai, and 
S. papuana. S. cholerae-suis, hitherto distinguishable from S. cholerae-suis var. 
kunzendorf by its failure to produce H 2 S, produced it in the medium described 
here, though in lesser quantity than did the Kunzendorf variety. EbcrlheUa 
typhosa and S. gallinarum are indistinguishable in this medium. 
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SALMONELLA TYPES ISOLATED IN MARYLAND 
BETWEEN 1936 AND 1943 

A. A. HAJNA AND a A. PERRY 

Bureau of Bacteriology, Maryland Slate Department of Health, Baltimore, Maryland 
Received for publication March 2, 1945 

Close identification of Salmonella-like bacteria has not been possible until 
the development by Kauffmann, by White, and by Edwards of a method of 
antigenic analysis. (For references, see Univ. Ky. Agr. Expt. Sta., Circ. 54.) 
During recent years all cultures routinely isolated and identified as belonging 
to the SalmmeUa group have been preserved by the lyophilic process. These 
cultures, therefore, afforded an opportunity to check the older method of identi- 
fication and to give information on the types of Salmonella which had been 
found in Maryland. 


TABLE 1 

Identification and source of Salmonella cultures 


SAUIONKIXA TYPE 

GIOUP 

Feces 

SOURCE 01 

{Blood 

CUITUEE 

Other 

S. typhimurium 

B 

20 

2 

pus 1 

S, paratyphi B 

B 

15 

6 


S, derby 

B 

6 



S. montevideo 

C-l 

5 



Sr oranienhurg 

C-1 


3 

sp. fl. 1 

S. cholerae-suis 

c-l 


2 


Sr newport 

C-2 

3 

1 


Sr Oregon 

C-2 

1 



Sr panama 

D 

12 

4 


Sr enteritidis 

D 



G. P. spleen 1 

S. anatum 

E 

1 



Sr poona 

Further 

1 



Sr hvittingfoss 

Further 

1 



Total 


65 

IS 

3 


Of 101 SalmmeUa cultures in the collection, 9 were found to be dead. Six 
were found to be paracolon organisms. The rest were Salmonella species accord- 
ing to the Kauffmann-White schema. 

The identification of the 86 Salmonella strains and the sources from which 
they were obtained is given in table 1. 

One strain of Salmonella paratyphi B was found to be anaerogenic. Altogether 
only 13 types of a group of nearly 150 known types were found. 




PROCEEDINGS OF LOCAL BRANCHES OF THE SOCIETY 
OF AMERICAN BACTERIOLOGISTS 

EASTERN PENNSYLVANIA CHAPTER 

Onb Hundred and Seventy -seventh Meeting, Philadelphia County Medical 
S oaETY Building, Philadelphia, Pa., January 23, 1945. 


The Action of Certain Poorly Absorbed 
Sulfonamides on the Intestinal Flora 
OP Rats. R, J, Strawinski, W. F, Verwey, 
and R, Munder, Department of Bacteri- 
ology, Medical Research Division, Sharp 
and Dohme, Philadelphia, Pa. 

Antigenic Structure and Specificity of 
Luminous Bacteria. George H. Warren^ 
Department of Bacteriology and Immu- 
nology, Jefferson Medical College, Phila- 
delphia, Pa. 

The agglutination, agglutinin absorption, 
and precipitation reactions of eight species 
of marine and ‘Afresh water*’ luminous bac- 
teria were studied. 

Cross agglutination results indicate an 
agglutinogenic specificity for Achromobacter 
fischerif Phoiohacterium phosphoreum, Bacil- 
lus sepiae, and Bacillus pieranionii. Cross 
reactions occur between Achromobacter 
harveyi and Photobacterium splendidum^ 
between Vt^no albensis and Vibrio phos- 
phorescens, and between Photobacterium 
splendidum and Bacillus sepiae. The F. 
albensis and F. phosphorescens cross ag- 
glutination expresses the only reciprocal 
relation. 

Luminous cell filtrates reveal an ability 
to produce both specific and group agglu- 
tinins. Tliis suggests that the agglutino- 
genic factors derived from luminous cells 
are all present in their filtrates, and points 
to the classification of the latter as “com- 
plete** antigens. 

Cross precipitation experiments with both 
luminous-cell immune sera and filtrate 
immune sera exhibit marked group reac- 
tions. A distribution of common antigens 
or a possible dissociation of antigenic 
groups during the luminous-cell-filtrate 
transition is suggested. 


A specific antigen-antibody reaction 
which interferes with the luminescent sys- 
tem has not been noted. 

Antigenic Variation in Pure Cultures 
of Paramecia. James A. Harrison and 
Elizabeth H, Fowler^ Department of 
Biology, Temple University, Philadel- 
phia, Pa. 

Antigenic variation was followed in many 
pure cultures of the ciliated, free-living 
protozoan Paramecium aurelia. Our at- 
tention was devoted largely to the charac- 
terization of many new cultures propagated 
from individual members of pedigreed 
populations which contained more than one 
antigenic type of cell. The results indi- 
cated that cultures developed quickly from 
single cells usually were more homogeneous 
antigenically than the parent cultures, 
and usually, though not always, were es- 
sentially similar in antigenic character to 
the individual cells from which they were 
propagated. Some of the variant cultures 
propagated from individual cells reverted 
in antigenic character to that of the parent 
cultures in the short period of 10 days; 
others remained stable in the variant phase 
for periods up to 18 months, then reverted 
suddenly to the character of the parent 
cultures. Several unsuccessful attempts 
were made to develop, in addition to the 
antigenically variant cultures propagated 
from cells selected at random, still other 
antigenic types of variants by growing the 
cultures in selected antisera. A limited 
number of observations indicated that the 
appearance of antigenic variants in cul- 
tures developing from single cells is pre- 
ceded by reorganization in the nuclear ap- 
paratus of all or nearly all of the individuals 
in the population. 
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One Hundred and Seventt -eighth Meeting, Philadelphia County Medical Society 
Building, Philadelphia, Pa., February 27, 1946. 


Fulminating Obstructive Laryngitis 
and Septicemia Due to Hemophilus 
influenzae, Ttpe B. John Eiman arid 
Russel Fowler^ Department of Pathology, 
Abington Memorial Hospital, Abiiig- 
ton, Pa. 

During the past few years a severe and 
often fatal form of laryngitis with bac- 
teremia caused by Hemophilus influenzae 
type B has been reported among young 
children from 18 months to 11 years of age. 

At Abington Memorial Hospital we have 
had three such cases, two in 1938 and one 
in December of 1944. 

The clinical pictures in all three cases 
were essentially the same and w^ere as fol- 
lows: Difficulty in swallowing, sore throat, 
and temperature from 104 to 106 F appeared 
during an apparently upper respiratory 
infection. Dyspnea started abruptly and 
increased within a few hours to such a de- 
gree that tracheotomy had to be done. The 
children were prostrated and showed evi- 
dence of an overwhelming infection. The 
epiglottis was markedly edematous and 
bright red in color, and the opening to the 
larynx was narrowed to a small irregular 
slit. The inflammation of the epiglottis 
was responsible for the partial obstruction 
and dyspnea. 

Cultures taken from the mucus in the 
pharynx or in the trachea and the blood in 
all three cases showed Hemophilus influenzae 
type B. 

The results in these three cases were as 
follows: 

No. 1. Died — Dead on arrival at the 
hospital. Tracheotomy not performed. 
Sulfonamide drug and serum not adminis- 
tered. 

No. 2. Died — Moribund on admission. 
Tracheotomy performed. Sulfonamide 
drug and serum not administered. 

No. 3. Recovered-Tracheotomy per- 
formed. Sulfanilamide and anti-/f. influ- 
enzae serum administered. 

An Improved Liquid Culture Medium 
FOB the Growth of Hemophilus per- 
tussis. W. F, Vemey and Dorothy Sage^ 
Department of Bacteriology, Medical 


Research Division, Sharp and Dohme, 
Glenolden, Pa. 

A casein hydrolyzate liquid culture me- 
dium for the growth of Hemophilus pertussis 
has been described by Hornibrook. In at- 
tempts to prepare pertussis vaccine in 
liquid media, Hornibrook's formula w^as 
tested, and, although found capable of sup- 
porting the growth of freshly isolated 
strains, was not satisfactory for vaccine 
production. The medium was then modi- 
fied by the removal of sodium chloride, 
calcium chloride, and sodium carbonate, 
and by increasing the concentrations of 
casein hydrolyzate, potassium phosphate, 
and nicotinic acid. The modified medium 
was capable of supporting growth to about 
twice the turbidity of the original Horni- 
brook medium. In confirmation of Horni- 
brook^s work it was found that when an 
extract of human blood cells was added to 
either the original or modified medium the 
rate of growth and the ultimate density of 
the cultures were increased. Organisms 
that were grown in the modified medium 
containing blood cell extract were proved 
to maintain their phase I characteristics 
and virulence for mice. Whole culture 
vaccine prepared from H, pertussis grown 
in this medium was found to have antigen- 
icity at least equivalent to that of vaccine 
prepared from organisms washed from 
Bordet-Gengou medium. This vaccine, 
when injected into humans, produced local 
and systemic reactions no greater than those 
caused by vaccine prepared from Bordet- 
Gengou cultures. 

The Use of Hemophilus pertussis Ag- 
glutinogen IN THE Preparation of Hy- 
perimmune Human Serum for the 
Treatment op Whooping Cough. H , 
Felton, J, Smolem, S. Mudd, Af. Carr, 
/. Lincoln, and L. Walker, Departments 
of Bacteriology and Pediatrics of the 
University of Pennsylvania and Chil- 
dren’s Hospital of Philadelphia, Pa. 

The immunizing possibilities of purified 
phase I Hemophilus pertusaia agglutinogen 
have been suggested by the results of pre- 
liminary laboratory investigations and later 
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clinical tise in humans. This agglutinogen 
produces clear-cut skin reactions when used 
as a test for susceptibility to whooping 
cough, and also produces a marked rise in 
agglutinin titer of individuals showing an 
immune reaction to the test dose. It is 
possible to reverse the skin reaction and to 
produce a detectable agglutinin titer in a 
susceptible individual by repeated intra- 
dermal doses of agglutinogen. 

A group of twelve new donors of the Phila- 
delphia Serum Exchange were immunized 
fully by the intradcrmal use of pertussis 
agglutinogen. Eight donors were available 
for use in the serum pool after receiving a 
series of three doses of 10 units of acid- 
extracted agglutinogen at weekly intervals. 


The so-called hyperimmune titer was main- 
tained in these donors by 1-unit doses of 
agglutinogen given at four- to five-week 
intervals. 

A pool of serum was prepared from the 
blood of the donors who had been immu- 
nized with agglutinogen. The final titer of 
this pool was 1:2,560. This is the usual 
level found in pools of serum from donors 
who have received the routine Sauer vac- 
cine immunization. 

This serum was used with satisfactory 
results in the treatment of fifteen children 
with clinical whooping cough. The results 
were excellent and were comparable to those 
obtained by the use of the usual hyperim- 
mune serum. 


SOUTHERN CALIFORNIA BRANCH 

University of Southern California, Los Angeles, Caufobnia, 
February 27, 1945 


Observations on the Occurrence and 
Metabolism of Lipoclastic Anaerobes. 
William D, liosenfeld, Scripps Institution 
of Oceanography, University of Cali- 
fornia, La Jolla. 

The neutral red base method proposed by 
Knaysi has permitted the detection of 
anaerobic lipolysis. Fat-splitting bacteria 
have been demonstrated in tar sand, 
asphalt, paraffin earth, crude oil, marine 
mud, and oil well brine samples; these 
organisms have actively hydrolyzed a 
variety of lipid materials including oils, 
waxes , glycerides , and simple esters . F atty 
acids have been liberated from a series of 
triglycerides ranging from triacetin through 
tristearin. The anaerobic character of such 
cleavage processes is borne out by the fact 
that lipolyses occurred at Eh levels more 
negative than -100 millivolts. 

Hydrolytic products are utilized by both 
lipoclastic and nonlipoclastic microorgan- 
isms. Evidence indicates that such prod- 
ucts are important in the respiratory ac- 
tivities of the bacteria* 

The microbial utilization of lipids is not 
precluded by a lack of lipolytic powers. 
Several organisms have been shown to 
oxidize intact glycerides and esters under 
anaerobic conditions. 


Increased Germicidal Efficiency of 
Iodine in the Presence op an Oxida- 
tion-Reduction System. A. J. Salle, 
Department of Bacteriology, University 
of California, Los Angeles. 

In the absence of organic matter, iodine 
killed Staphylococcus aureus in a dilution of 
1:20,000 and Eberthella typhosa in a dilution 
of 1 : 17,500 in 10 minutes at 37 C. 

Iodine dissolved in a 1 : 3,000 dilution of an 
oxidation -reduction solution (composed of 
a mixture of one mole each of manganous 
sulfate and ferric sulfate) killed S. aureus 
in a dilution of 1:80,000 and E, typhosa in a 
dilution of 1:60,000, in the absence of 
organic matter. 

A dilution of 1:2,000 of the 0-R solution 
killed embryonic chick heart tissue frag- 
ments in 10 minutes at 37 C. Iodine dis- 
solved in a 1:3,000 0-R solution killed the 
tissue fragments in a dilution of 1:3,750 of 
iodine. 

Toxicity indexes may be calculated by 
dividing the highest dilution of iodine re- 
quired to kill the tissue by the highest dilu- 
tion required to kill the test organism. The 
toxicity index of iodine -h 1:3,000 0-R 
solution was 0.05 for S, aureus and 0.06 
for E, typhosa. The toxicity index of iodine 
alone was 0.2 for 8 . aureus and 0.23 for E. 



522 


PBOCEEDINGS OF IiOCAL BRANCHES 


typhosa. The smaller the index the more 
nearly perfect the germicide. 

When iodine was dissolved in a 1:3,000 
O'R solution composed of manganous and 
ferric chlorides instead of the sulfates, the 
toxicity indexes were 0.042 for S, aureus and 
0.1 for E. typhosa. 

Tub Occurrence op Hydrogen-produc- 
ing Bacteria in Marine Materials. 
Josephine Beckwith /Sewn, Scripps Institu- 
tion of Oceanography, University of 
California, La Jolla. 

The production of hydrogen by microbial 
activity in a marine environment may be of 
considerable importance in the hydrogena- 
tion of organic matter by converting the 
latter into substances which are more 
hydrocarbonlike in character. Hydrogen- 
producing microorganisms have been dem- 
onstrated in various marine muds, oil well 
cores, natural rock asphalt formations, and 
other marine materials both recent and 
ancient. According to preliminary esti- 
mates, these organisms appear to be rela- 
tively abundant. The minimum dilution 
method has shown from 1,000 to 10,000 
hydrogen-producing organisms per gram 
(dry basis) of the estuarine muds which have 
been studied. Microorganisms which pro- 
duce hydrogen seem to be geographically 
widespread in distribution. They have 
been detected in many marine deposits col- 
lected along the California coast, in brine 
from California petroleum fields, in oil well 
samples from Oklahoma, and in bituminous 
deposits from Kentucky. Microbiological 
activity has yielded hydrogen from cellu- 
lose, peptone, oleic acid, sperm oil, coconut 
oil, and glycerol substrates. The gas pro- 
duced from these materials has been found 
to contain from less than 1 per cent to as 
much as 67 per cent hydrogen, with glycerol 
as the substrate giving the highest hydrogen 
yields to date. 

The Importance op Air-Decontamination 
IN A Communicable Disease Hospital. 
C. F, Paitf Los Angeles County Hospital. 
The diseases which may be spread by the 
aerial route were listed and discussed. The 
various existing methods for isolating com- 
municable disease patients were outlined, 
and the inadequacies of some of these meth- 


ods with respect to air-borne contagion were 
pointed out. A brief review of methods 
available for control of air-borne diseases 
was presented. 

Effect of Bacterial Activity on Petro- 
leum Hydrocarbons. Claude E. ZoBell, 
Scripps Institution of Oceanography, 
University of California, La Jolla. 

Nearly all hydrocarbons which have been 
tested have proved to be susceptible to bac- 
terial oxidation under aerobic conditions. 
A few anaerobes, notably certain sulfate 
reducers, are able to oxidize long-chain, 
aliphatic hydrocarbons. The bacteria uti- 
lize the hydrocarbons as a sole source of 
carbon or energy in appropriate mineral 
salts solutions. Emulsifying the hydro- 
carbons or adsorbing them on solid surfaces 
promotes the growth of bacteria. 

The bacterial oxidation of hydrocarbons 
has been observed at temperatures ranging 
from 0 to 60 C and at salinities ranging from 
near zero to as high as 300,000 ppm. The 
process is generally inhibited by reducing 
conditions, the presence of hydrogen sul6de, 
or by relatively low concentrations of vana- 
dium, zinc, or molybdenum. 

By virtue of their preference for long- 
chain and branched-chain hydrocarbons, 
microorganisms tend to decrease the den- 
sity of crude oils under certain conditions. 
The greatest observed decrease has been on 
a sample of California crude oil, the density 
of which was reduced from 0.^9 to 0.802. 
Bacteria also have a tendency to attack pref- 
erentially compounds in crude oil contain- 
ing nitrogen, sulphur, or oxygen. 

The formation of hydrocarbons ranging 
from Cjo to C|6 by species of Deaulfovibrio 
growing on fatty acids has been observed. 

Shigella and Salmonella Encountered 
IN Southern California 1943-1944. 
John F. Kesself Margaret Parriah, and 
Korina Cavellf School of Medicine, Uni- 
versity of Southern California, and Los 
Angeles County Hospital. 

With the use of serums prepared in this 
laboratory from cultures of Shigella fur- 
nished by the Army Medical School ^ the 
following strains have been encountered in 
the diagnostic routine of the Los Angeles 
County Hospital. 
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Shigella parody senteriae 

Flexner Boyd 

I-~67 I— 7 

II— 3 II— 3 

HI- 9 III- 3 

IV— 30 D19— 12 

V— 9 143— 4 

VI— 14 274—12 

Sonne— 83 madampensis — 12 

It is of interest to note, even though Boyd 

reports some of these strains as being rare, 
that all have been enrountered in Southern 
(California. In the future we expect to com- 
pare results with the recent classification 
proposed by Weil et al. (1944). 

Huring the same period, Salmonella 
strains encountered in the Los Angeles 
(’ounty Hospital, together with a few addi- 
tional strains provided by other local 
laboratories, have been typed by the Kauf- 
mann -White method using sera supplied by 
the Army Mcdit^al School. The following 
types have been encountered: 

Salmonella types 

lyphi-mnrium , 42 baretlly 2 

newport. 18 Oregon 1 

derby. 7 meleagridis.. , 1 

montevideo . 4 london 1 

panama.. 3 litchfield. .. 1 

saint-paul 2 paratyphi A. 1 

javiana 2 xiganda .... 1 

paratyphi B 2 cholerae-suis 1 

oranienburg 2 easthourne . 1 

anaium 2 newington . 1 


It is of interest to note that eleven of these 
types have recently been reported by Hin- 
shaw (1944) as present in avian salmonellosis 
in California. 

Proteus Spectation. Milton G. Levine and 
Robert E. Hoyt, Institute of Experimental 
Medicine, College of Medical IGvangelists. 
Despite recent suggestions in the litera- 
ture that new species of Proteus be created 
because of the inadequacy of the present 
classification, we find that Hauser^s original 
species, Proteus vulgaris and Proteus 
mirabilis, are adequate and the charac- 
teristics described constant. On the basis 
of the following reactions, we have found 
Proteus mirabilis to be by far the most 
common Proteus species occurring in nature : 


Characteristics of Proteus 



1 

I MAL- 
TOSE 

.SUCBOSE 

IN- 

DOLE 

ALEBA- 

METHYL- 

OLUCO- 

SIDE 

SUCROSE 

AGAR 

SLANT 

Proteus 
vulgaris . 

AG 

AG 

■f 

AG 

Acid 

Proteus 

mirabilis 


Slow 

AG 



_ 

Proteus 

ammoniae 

- 

Slow 

AG 

— 

— 

— 


AG » acid and gas formed. All produced 
acid and gas from glucose. 

Proteus ammoniac cultures obtained from 
Dr. Magath proved to be identical with 
Proteus mirabilis as shown above. 


KENTUCKY BRANCH 


Lexington, 

October 

The Identity of Udder Streptococci 
IN Seven Kentucky Dairy Herds. 
//. B, Morrison and F, E. Hull, Dairy Sec- 
tion and Animal Pathology Department, 
University of Kentucky. 

Milk samples were obtained at intervals 
during 1943 and 1944 from seven Kentucky 
dairy herds. Of 335 cows in these herds, 176 
(62.6%) were giving off streptococci in their 
milk. One hundred forty-four cultures 
from 139 cows were identified by means of 
biochemical characteristics and the Lance- 


Kentucky, 

28, 1944’ 

field technique. Of these, 102 (70.8%) 
proved to be Streptococcus agalaciiae, 41 
(28.6%) Streptococcus uheris, and 1 (0.7%) 
Streptococcus dysgalactiae. 

These percentages agree in general with 
reports published by several other investi- 
gators. However, S, agalactiae was the 
major infectious agent in only three of the 
seven herds. In each of these three herds, 
which included the two largest herds in the 
study, more than 90 per cent of the cultures 
identified were S. agalactiae, S, uheris 
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infection predominated in the other four 
herds. From one of these herds no cultures 
of S, agalactiac were identified. 

It appears more than mere coincidence 
that the three herds in this study having a 
high percentage of infections from S, agalac- 
tiae had only average or poorer quality of 
labor for milking and other herd care, where- 
as the herds with a low percentage of S. 
agalactiae infection as compared with S, 
uberis had much better than average quality 
of labor. 

Protein Fortification of Corn Dis- 
tillers* Dried Solubles and Dark 
Dried Grains. J. K. Woods, S. L. 
Adams, and W. H, Stark, Joseph JC Sea- 
gram & Sons, Inc. 

Stillage, the residue from the distillation 
of fermented mash, is screened. The 
screenings are dried to produce light dis- 
tillers* dried grains. The thin stillage is 
concentrated in multiple effect evaporators 
to a syrup which is dried on drum driers to 
produce distillers* dried solubles. Dark 
dried grains are produced by combining the 
syrup and press cake prior to drying. Both 
light and dark dried grains are marketed 
as cattle feeds. Their main value lies in 
their protein content. Solubles are used as 
a vitamin supplement in poultry rations, 
but their protein content is also important. 

The method employed to increase the pro- 
tein consisted of the addition of an inex- 
pensive nitrogen compound to the fermenter 
mash and its utilization to produce yeast 
amino acids and proteins. The nitrogen 
source had an adverse effect upon alcohol 
yields . Urea proved to be the best ni trogen 
source although the addition of ca 0.9 g 
per L decreased the alcohol yield ca 0.1 
p.g. per bu. More than 90 per cent of the 
urea added was converted into protein. 
Practically all of the synthesized protein 
was recovered in the dried solubles. Under 
normal circumstances the increased value of 
the higher protein product more than offsets 
the loss in yield and the cost of the urea. 

These data are based on laboratory fer- 
mentations; no plant trials have been made. 

A Serological Study of Members of the 
Pseudomonas Genus. /. Munoz, M. 
Scherago, and R. H, Weaver, Department 


of Bacteriology, University of Kentucky, 
Lexington, Kentucky. 

A study has been made on a representative 
group of strains of Pseudomonas to deter- 
mine whether there is any serological rela- 
tionship among strains of this genus. The 
most significant findings follow. 

A group of mono trichic strains that had 
the morphological and biochemical charac- 
teristics of P. aeruginosa could be differen- 
tiated into two distinct serological groups, 
one of which was homogeneous and the other 
heterogeneous. A lophotrichic strain that 
had the same biochemical characteristics 
showed a strong flagellar relationship to the 
heterogeneous group . These findings are i n 
agreement with those of Acki (1926), Kan- 
zaki (1934), Harris (1940), and Elrod and 
Braun (1942), who reported serological dif- 
ferences among strains of P. aeruginosa. 

P. caviac, P. fragi, P. graveolens, P. 
mucidolens, and P. pavonacea species, wdiich 
are readily differentiated by their biochemi- 
cal characteristics, could also be differen- 
tiated serologically. 

P. fluorescens, P. mildenhergii, P. ovalis, 
and P. putida, species which can not be 
satisfactorily differentiated by means of 
their biochemical characteristics, could be 
very easily differentiated by serological 
means. 

It may be concluded that serological 
methods are essential for the identification 
and classification of members of the Pseudo- 
monas genus. 

Preparation op Specific Salmonella Ser- 
ums. P. R, Edwards, University of 
Kentucky. 

Ethanol Fermentation or Dehydrated 
Sweet Potatobs—N utribnt Study . L . 
C. Hao and M, E. Delahanty, Joseph K. 
Seagram & Sons, Inc. 

The use of nutrients for improving the 
yield obtained from the alcoholic fermenta- 
tion of dehydrated sweet potatoes was 
studied. The addition of mineral salts 
such as ammonium sulfate, calcium phos- 
phate, and potassium monohydrogen phos- 
phate to the water mash of dehydrated 
sweet potatoes did not increase the alcohol 
yield. Actually, for unknown reasons, the 
yield was reduced. 
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Mylase, a mold-bran preparation, was 
proved to be both an efficient saccharifying 
agent and a good nutrient. When 3 to 4 
per cent of mylase, based on the weight of 
dehydrated sweet potatoes, was used for 
saccharification, the yield of alcohol ob- 
tained was 6.4 p.g. per bu on a dry basis. 
The sweet potato has a starch content of 
73 .0 per cent , dry basis . The yield with my- 
lase was approximately 10 per cent higher 
than the yield of 5.8 p.g. per bu obtained 


from corresponding water mash control 
fermentations, and a trifle higher than the 
yield of 6.31 p.g. per bu obtained from still- 
age mash control fermentations. 

Sterilized raw wheat bran and sterilized 
mylase were partially effective in improving 
the yield . These data indicate the presence 
of both heat -stable and heat-labile growth 
factors or enzymes other than amylase 
which are responsible for the improvement 
of alcohol yield. 


NEW YORK CITY BRANCH 

Teachers College, Columbia University, 
March 13, 1945 


Diagnostic Problems ok Enteric Organ- 
isms (Eschericuia, Shigella, Salmo- 
nella) Due to Their Biochemical and 
Serological Relationships. Ivan 
Saphra, Beth Israel Hospital, New York 
City. 

Enterobacteriaceae (Salmonella^ Shigella ^ 
Escherichia y Proteus , etc.) form an inte- 
grating series of types, related in their 
cultural, biochemical, antigenic, and patho- 
genic properties. Transitional forms and 
serological interrelationships between 
types, groups, species, and genera are 
frequent. Of particular interest are the 
serological cross reactions which center 
around the 0-antigens of Salmonella onder- 
Hiepoort (DVI XIV XXV) and of related 
types. The ensuing genetic, taxonomic, 
and diagnostic problems were demon- 
strated, and methods of solving them were 
indicated. 

The Activity op Penicillin in the 
Experimental Pneumococcus Pneu- 
monia OF Mice. R. J, Schnitzery N. 
Ercoliy M, Bucky and D. R, Kellyy Hoff- 
mann-LaRoche, Inc., Nutley, N. J. 

Mice were infected intranasally with type 
I and type II pneumococci, using the Shope 
method according to Neufeld and Etinger 
Tulczynska. This infection leads to pneu- 
monia of both lungs. It usually does not 
respond to chemotherapeutic treatment, 
e.g., treatment with sulfonamides, but 
reacts readily to the administration of 
penicillin. The minimal active dose of 
sodium penicillin inieoted 2 to 4 times sub- 
cutaneously was a total of 800 to 1,000 units 


per 20 g in type I infections; in infections 
with type II pneumococci a total of 1,800 to 
2,000 units per 20 g ivas required. Oral 
administration of penicillin was as active 
as the treatment by the parenteral route. 

The Fate of Treponema pallidum in 

Rabbits Treated with Penicillin. 

N. Ercoli and E. M. Harkery Hoffmann- 

LaRoche, Inc., Nutley, N. J. 

Although the clinical problem of perma- 
nent cure of syphilis in man w ill require ob- 
servations of a great number of patients over 
a very long period of time, it is possible to 
decide the very similar question of the 
sterilizing effect of a drug, e.g., penicillin, 
comparatively quickly in experimental 
syphilis of rabbits. 

From our recent publications (Proc. 
Soc. Exptl. Biol. Med., 57 , 4, 1944) it is 
knowm that a single dose of 33,000 units per 
kg given intravenously causes disappear- 
ance of the spirochetes in less than 18 hours. 
In an addendum we noted that even much 
higher doses of penicillin were not steriliz- 
ing; the details of these experiments are 
presented. 

The results of the lymph node transfer, 
as well as the reinfection test of the ap- 
parently healed rabbits, revealed that viru- 
lent spirochetes survived in the organs of 
rabbity, even though the doses of penicillin 
used were much higher than is requfred 
to give prompt clinical healing. 

Twelve to eighteen times the dose suffi- 
cient to induce disappearance of spirochetes 
and dissolution of the lesion was not steri- 
lising. 
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These experimental data suggest that only 
doses much higher than those required to 
obtain clinical healing might produce 
sterilizing cure in spirochetal infections. 


A Suggested Method fob Thorough 
Testing op Antiseptic Fabrics. Louia 
C. Baraily United States Testing Co., 
Inc., New York City. 


MICHIGAN BRANCH 


Detroit, MicmoAN, 
March 16, 1945 


Rapid Identification op Shigella by 
Serologic Methods. W. Ferguson and 
M, Carlson f Bureau of Laboratories, 
Michigan Department of Health, Lansing. 
The contributions of Boyd (1932, 1936), 
Wheeler (1944), and Weil, Black, and Far- 
setta (1944) to our knowledge of the para- 
dysentery group of Shigella were reviewed 
and the differences in the antigenic schema 
proposed by Wheeler and by Weil and col- 
leagues were discussed. 


TABLE 1 
Number of Btrains 



IIICBIOAN 

K£W 

MZXICO 

Type I(V) 

t 

66 

0 

Type II (W) 

28 

8 

Type III (Z) 

8 

2 

Type IV (Boyd 103) 

11 

2 

Type V (Boyd P-llO) 

2 

2 

Type VI (Boyd 88-New. 
castle). ... 

3 

5 

“X” 

0 

0 

“Y” 

2 

2 

Boyd P-288. . . . 

0 

1 

Totals 

120 

22 


Following the methods of Wheeler, the 
authors prepared typing sera for Flexner 
and Boyd types of Shigella paradysenteriae 
and applied them to type determination of 
Michigan and New Mexico strains. The 
latter were furnished by courtesy of the 
New Mexico State Department of Health. 
Talkie 1 shows the type determinations 
made. 

Absorbed sera for identification of Shi- 
gella amhigua, Shigella sonnet, and Shigella 
alkaleeeena have been prepared and used 
by the authors, together with polyvalent 


serum covering the paradysentery types 
I to VI and including and “X.” No 
disagreement has been found between slide 
agglutination identification and biochemical 
and tube agglutination methods. 

The Use-Dilution Method op Testing 
Disinfectants. W. L. Mallmann and 
Marjory Hanes, Department of Bacteriol- 
ogy and Public Health, Michigan State 
College, East Lansing, Michigan. 

The F. D. A, procedure for testing dis- 
infectants is not satisfactory because it is 
not measuring the actual dilution recom- 
mended for use. The following procedure 
is suggested as a means of checking disin- 
fectants in use dilutions although greater 
dilutions may be tested. 

Sterile glass rods, I'* x 1" with a small eye 
at one end for handling, are dipped in a 24- 
hour culture of the test organism. The 
seeded rods are dried on sterile filter paper in 
a pctri dish for 30 minutes. The seeded 
rods are placed in the test solution at 20 C 
for 1 , 5, 10, and 30 minutes. Upon removal , 
each rod is rinsed in a tube of sterile water 
or neutralizing solution and then trans- 
ferred to a tube of standard broth. After 
the broth has been shaken, 1 -ml portions are 
plated. The tubes containing the rods are 
incubated 24 hours and replated if the tubes 
are not turbid from growth. 

The Use of Perry^b Medium for the 
Isolation of Fecal Streptococci — 
Preliminary Report. Elizabeth J, 
Cope, Detroit Department of Health. 
Five hundred fourteen consecutive fecal 
specimens submitted to the Enteric Division 
of the Detroit Departmeftt of Health 
Laboratory were cultured in Perry’s me- 
dium. Streptococci were recovered from 
80.2 per cent. Of the streptococci isolated 
92.1 per cent were not killed when heated 
at 60 C in a water ba^h for one hour. 



CAN CHEMOTHERAPY BE EXTENDED TO INCLUDE THE 
INTRACELLULAR DISEASE AGENTS?^ 

STUART MUDD 

Department of Bacteriology ^ School of Medicincy University of Pennsylvania^ 
Philadelphia y Pennsylvania 

The present limits of successful chemotherapy do not quite coincide with the 
line of division between extracellular and intracellular disease agents. Thus 
chemotherapeutic benefit in experimental murine typhus has recently been re- 
ported by Moragues, Pinkerton, and Greiff (1944), and in human epidemic 
typhus by Yeomans and others (1944). Chemotherapeutic benefit is well au- 
thenticated for infections with viruses of lymphogranuloma venereum, mouse 
pneumonitis, trachoma, inclusion conjunctivitis, and most recently is reported 
for experimental ornithosis and psittacosis (Heilman and Herrell, 1944). Yet 
the pathogenic rickettsiae and the viruses of the l3Tnphogranuloma-p8ittaco8iB 
group are obligate intracellular parasites. Nor is the limit of current chemo- 
therapeutic effectiveness coincident with the limit of simple cellular organization 
of the disease agent (Mudd and Anderson, 1944) ; vaccinia virus and even coli- 
phage have been shown by electron microscopy to possess cell-wall, inner proto- 
plasm, and even finer structural differentiation; yet no authenticated success in 
chemotherapy Avith viruses other than those cited above is known. It is interest- 
ing and possibly significant that those intracellular agents which now respond to 
chemotherapy are the rickettsiae, which arc intermediate in size between patho- 
genic bacteria and the viruses, and members of the lymphogranuloma-psittacosis 
group, which are the very largest of known viruses. 

Several approaches to a chemotherapy of intracellular disease agents can be 
formulated: 

(1) Direct chemical action on the disease agent. The long list of empirical trials 
has recently been reviewed by Kramer, Geer, and Szobel (1944). See also 
Parker and Diefendorf (1944) and Klein, Kalter, and Mudd (1945). 

(2) Interference with the key-to-lock relationship of virus to susceptible host cell. 
This is precisely what specific antiphage (antiviral) antibody does when used 
prophylactically, as the experiments of Kalmanson and Bronfenbrenner (1943) 
on reversible serum inactivation of bacterial virus show. It is hard to imagine, 
however, what more (if as much) could be expected in this connection from any 
chemical agent than is now achievable by specific antiserum — ^namely, prophy- 
laxis which is efficient, but therapeutic action which is very limited indeed. 

(3) Rational investigation of cell metabolic systems and their selective inhibition. 
This approach seems to the writer incomparably the most promising one. The 
essential attribute of a chemotherapeutic agent is a selective action on a compo- 
nent essential to the continued existence of the parasite within its host. Sir 
Hauy Dale in a recent review of the history of chemotherapy (1943) clearly 

* Presidential Address of the Society of American Bacteriologists given with additions 
before the New York City Branch, December 28, 1944, the Maryland Branch, April 5, the 
Eastern Pennsylvania Branch, May 22, and the Central New York Branch, May 26, 1946. 
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points out that in a large proportion of chemotherapeutic cures “the infection 
is brought to an end by stppping the further multiplication of the parasites, 
rather than by killing them outright. Another factor in an effective chemo- 
therapeutic action . . . [is] the need for a sufficiently prolonged and continuous 
action. This need is almost implied in the conception of the process as essen- 
tially an arrest of the multiplication of the parasites rather than an immediately 
lethal action on them. What is required is not the sudden attainment of a con- 
centration sufficient to kill most of the parasites, at the risk of a concomitant 
injury to the host^s tissues, but the long-continued maintenance of a much 
lower and safer concentration, just sufficient to suppress the propagation of the 
parasites, without harming the cells of the host.’’ 

Evidence with respect to the mode of action of successful chemotherapeutic 
agents is in agreement with the original conception of Ehrlich and with Dale’s 
conclusion that they act essentially by arrest of the multiplication of the para- 
sites. A definition of objective then becomes possible. For successful chemo- 
therapy of an infection due to an intracellular parasite there may be sought a 
tnetabolic inhibitor or inhibitors which selectively inhibit a reaction or reactions 
essential to the intracellular multiplication of the parasite ^ but (at least temporarily) 
inessential to the survival of the host cell.^ 

Concerning the mechanism of action of the sulfonamides two theories are 
current: 

(1) The Woods-Fildes theory that sulfonamides inhibit an enzyme or enzymes 
concerned with the anabolism of p-aminobenzoic acid as an essential metabolite. 

(2) The theory proposed chiefly by Sevag and coworkers (1942) that sulfon- 
amides act by inhibiting in the susceptible bacteria certain respiratory enzymes 
which normally mediate reactions yielding the energy essential to bacterial cell 
division. 

The fundamental proposition that substances similar to but not identical in 
configuration with particular components in a metabolic reaction can compete 
for essential reaction sites and thereby inhibit the metabolic reaction is not 
questioned. (See Fildes, 1940, 1941; Woods, 1940; Roblin et al, 1945, for 
references.) This fundamental principle is valid and applicable, however, 
whether the enzyme inhibitor resembles and competes with a substrate, or, in 
the case of the oxidative enzymes, with a coenzyme. The Woods-Fildes theory 
has been of the utmost importance in emphasizing configurational correspondence 
as a basis for enzyme inhibition in chemotherapy, and in stimulating the dis- 
covery of new instances and applications (e.g., see Mcllwain, 1944; Woolley, 

1944) . In the writer’s belief, however, the balance of evidence very definitely 
now indicates that in the special case of the mechanism of sulfonamide action 

* An increased resistance to experimental poliomyelitis in animals on thiamine-deficient 
diets seems to be well authenticated (Foster, Jones, Henle, and Dorfman, 1942, 1944a, 
1944b; Rasmussen, Waisman, Eivehjem, and Clark, 1944; Editorial, J. Am. Med. Assoc., 

1945) . Could it be that mechanisms essential to the intracellular multiplication of this 
parasite are peculiarly sensitive to thiamine deficiency? Could mechanisms essential to 
parasite reproduction in host cells eventually prove to be peculiarly vulnerable to specific 
deficiencies, whether produced by dietary restrictions or by aWinistration of drugs 
(Woolley, 1944)? 
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the critical competition is with respiratory coenzymes for sites on the oxidative 
enzyme proteins rather than for a hypothetical enzyme mediating p-amino- 
bcnzoic acid anabolism. The subject is comprehensively reviewed by Sevag and 
coworkers (1942, 1944, 1945) and Henry (1943, 1944). 

Exanjination of such literature as is available on the mode of action of chemo- 
therapeutic agents leads, at least tentatively, to the challenging conclusion that 
in cases in which critical enzyme inhibitions correlated with inhibition of growth 
have been identified experimentally, these critical sites of chemotherapeutic 
action have been found to be within the system of respiratory enzymes which mediate 
the aerobic and anaerobic oxidation of glucose and its derivatives. 

The respiratory enzymes are prot(»ins reversibly combined with coenzymes; 
the coenz>TOes contain as essential structural units certain components of the 
H vitamin complex, notably nicotinic acid amide, riboflavin, and thiamine; or, 
in the case of the cytuchrome-cytochrome oxidase system, the iron porphyrin 
compound herne is the prosthetic group. 


VITAMIN 

COENZYME 


SUBSTRATE 


DRUG. 




^PROTEIN 


Fio. 1. Schema ShowinCi Interrelationships between Growth Accessory, 
Sulfonamide pRi'a, Respiratory Enzyme, and Substrate 

These relationships may be represented schematically as in figure 1 . Thiamine 
for instance becomes by phosphorylation cocarboxylase (thiamine diphosphate) 
and riboflavin becomes riboflavin phosphoric acid. The enzyme carrier protein 
combines reversibly with its coenzyme and specific substrate, thus enabling the 
substrate to reduce the coenzyme, the substrate itself being oxidized. 

We suppose that sulfanilamide has affinity for the respiratory enzyme protein* 

® In this connection the similarity of structure of sulfanilamide to other pharmacologi- 
cally active substances is of interest. Compare for instance the structure of p-amino- 
bcnzenesulfon amide with that of tlie p-aminophenol derivatives (antipyretics and anal- 
gesics), procaine, ethyl and butyl p-aminobenzoates (local anesthetics), carbarsone 
(arnebacide), and tryparsamide (trypanocide). It is suggested that widely distributed 
reaction sites exist with which compounds possessing the general configuration of p-amino- 
benzenesulf on amides, p-aminobeiizoates, and p-aminophenylarsonates and their appro- 
priate derivatives can combine reversibly with a resulting depressant effect . It is suggested 
that these reaction sites on oxidative enzyme proteins are of critical significance in 
chemotherapy. 

However, in calling attention in this address to interrelationships baaed upon con- 
figurational correspondence, no implication is intended that all cases of inhibition and 
antagonism involve such configurational correspondence, which is obviously not true. 
In enzyme chemistry as in immunochemistry, however, the interrelationships depending 
upon specific configuration (Sevag, 1945) are perhaps more interesting and more stimu- 
lating to further discovery than those involving only nonspecific relationships. 
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and is supplemented in the newer sulfonamides by the substituted group (pyr- 
idine, thiazole, pyrimidine) which structurally resembles the coenzyme or part 
of it, and competes with the coenzyme for its reaction site on the enzyme protein. 
(See figures 1, 2, and 3.) The proposal herewith suggested is that the sulfanila- 
mide and the substituted group are capable of combining, respectively, at two 
reaction sites, in appropriate steric relationship, on the enzyme protein. Such a 
proposal is not without analogy since dipeptidase action is believed to depend on 
three reaction sites on the enzyme in very definite steric relationship (Schmidt, 
1938). The drug-protein or dmg-protein-coenzyme complex we suppose to be 
inactive enzymatically. Quantitative antagonism between drug and coenzyme 
thus becomes understandable, and similarly antagonism between vitamin and 
drug, since the vitamin is a precursor of the corresponding coenzyme. The 
superiority of sulfapyridine, sulfathiazole, and sulfadiazine over sulfanilamide 
is intelligible in these terms but difficult to account for on the p-aminobenzoic 
acid theory. 

The following critical sites of chemotherapeutic action may be cited as indi- 
cated by experiment. 

Dorfman and Koser (1942) show'cd that the respiration of dysontx^r>" bacilli was 
increased by nicotinamide and inhibited by sulfapyridine (cf. figure 2). Mac- 
Leod (1939) found that the dehydrogenase activity of pneumococci for glycerol, 
lactate, and pyruvate was inhibited by sulfapyridine. Ac.quisition of sulfapyri- 
dine fastness was associated with marked loss of dehydrogenase activity for these 
compounds. Fox (1942) working with isolated enzyme systems of Escherichia 
coli demonstrated inhibition of lactate, aerobically, and dismutation of pyruvate, 
anaerobically. 

Flavoprotein dehydrogenases (riboflavin phosphoric acid proteins). Sevag and 
Green (1944) found that growth of certain strains of Staphylococcus aureus in the 
absence of added glucose is inhibited by sulfathiazole, and that this inhibition 
is antagonized by riboflavin. Atabrine has been shown by Haas (1944), work- 
ing with isolated enzyme systems of yeast, to inhibit oxidation mediated by 
flavoprotein, and this inhibition is antagonized by the coenzyme (cf. figure 3). 
Selective inhibition of flavoprotein enzyme systems by atabrine has been indi- 
cated by tissue respiration experiments (Wright and Sabine, 1944). 

Carboxylase (thiamine pyrophosphate protein). Sevag, Shelburne, and Mudd 
(1942, 1945) found that sulfathiazole selectively inhibits the action of carboxylase 
from both yeast and staphylococcus; this inhibition is antagonized by cocar- 
boxylase (cf. figure 2). Penicillin has been shown by Welshimer, Krampitz, 
and Werkman (1944) to inhibit selectively the dismutation of pyruvic acid. 

Cytochrome-cytochrome oxidase system (heme-containing enzymes). Cyto- 
chrome oxidase has been shown by Haas (1944) to be inhibited by atabrine. 
Zephiran has been shown by Sevag and Ross (1944) to inhibit the cytochrome- 
cytochrome oxidase system of yeast cells, and this action is correlated with in- 
hibition of growth. These are probably instances of nonspecific inhibition. 

The Pasteur effect has been shown to be strongly inhibited by certain sub- 
stituted guanidines and amidines which are powerful tr3rpanocides (Dickens, 
1939). 
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Fig. 3. Riboflavin and Its Corresponding Coenzyme 
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Steps in the enzymatic oxidation of glucose thus represent critical sources 
of the energy required for cell division, which may be vulnerable to the action 
of chemotherapeutic agents. In view of the great clinical success of the sulfon- 
amides in which pyridine, thiazole, and pyrimidine are substituents on the N* 
nitrogen of sulfanilamide, and of the relationships schematized, it would be 
extremely interesting to have series of sulfonamides in which alloxazine, atabrine, 
or acridine are substituents on the nitrogen of sulfanilamide^ (figure 3). Be- 
cause of the critical role in glucose oxidation of phosphorylation, mediated by 
the adenosine phosphoric acid enzymes, it would be exceedingly interesting also 
to have series of sulfonamides in which adenine and adenosine are similarly 
coupled with sulfanilamide. 

The oxidations of glucose into its intermediate products, however, may pro- 
ceed by several different pathways (for details see Potter, 1944), and for the 
further transformation of pyruvic acid seventeen different reaction paths are 
already known. Multiple simultaneous inhibitions, rather than single inhibi- 
tions, may then be necessary for the suppression of the intracellular multiplica- 
tion of a disease agent and therefore may afford the key to successful chemo- 
therapy. These considerations afford a rationale for systematic study of the 
synergistic action of various chemotherapeutic agents: sulfonamides, penicillin, 
atabrine, quinine, arsenicals, diamidines, and heavy metal compounds. In- 
stances are already on record of two chemotherapeutic agents together accom- 
plishing what neither one can do alone (Ungar, 1943; Bigger, 1944; Soo-Hoo and 
Schnitzer, 1944; Hamed, Miller, Wiener, and Watts, 1944; T’ung, 1944; Kirby, 
1944; Hobby and Dawson, 1945; Roblin et aL, 1946). However, since syner- 
gistic action producing multiple inhibitions on host cell enzymes essential to 
intracellular multiplication of the parasite might be also injurious to the host, 
any application of this type of study to man, pending thorough investigation 
in vitro and in animals, would seem premature and dangerous. 

The investigation of bacterial respiratory and other metabolic systems as a 
basis for a rational chemotherapy will bring our discipline into close association 
with studies of nutrition, normal and abnormal growth, and the physiology of 
muscular, nervous, and glandular function. The mature synthesis which will 
eventually result will surely make manifold return in understanding of funda- 
mental life processes and in applications to human well-being. 

* In the acridine derivatives listed by Northey (1940) substitution was on the nitrogen. 

Pyrazine, which forms the central ring of riboflavin, has been used in the pyrazine analog 
of sulfapyridine (Ellingson, 1941). Sulfapyrazine is reported to be of the same order of 
efficacy as sulfadiazine (Robinson, Siegel, and Graessle, 1943). 

After the above was written, Dr. E. H. Northey kindly furnished the writer references 
recording the synthesis of acridine derivatives of sulfanilamide (Ganapathi and Nandi, 
1940; Das-Gupta, 1941; Coggeshall and Maier, 1942). Ganapathi (1940) writes: 

“The compound, 2-Ni-8ulphanilamidothiazol, which has since been reported by Fos- 
binder and Walter [sulfathiazole] and B : S-sulpkanilamidoacridine [italics the author’s] 
possess striking protective action in experimental streptococcal and pneumococcal infec- 
tions in mice.” 

Ganapathi (1941) has also recorded the synthesis of 7-N'-sulphanilamidoalloxazine which 
he reported to be therapeutically inactive in€nice. It does not follow of course that among 
related derivatives an active one might not be found. 
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The thermophilic microbes are usually defined as organisms capable of growing 
at high temperatures. Such a definition does not imply that life at high tem- 
perature is actually linked with a modified physiology of nutrition, reproduction, 
etc. The microbes adapt themselves not only to high temperatures, but also 
to the physico-chemical peculiarities of their habitat at these temperatures. 
Such an ecological approach suggests that the thermophiles represent a rather 
isolated group of microbes differing somewhat in their biology from mesophilic 
bacteria. 

It was pointed out in previous publications that the biochemical activity of 
thermophilic bacteria is extremely high (ImSenecki, 1941a, 1941b). The leading 
role among the causes underlying this increased activity belongs to rapid growth 
of thermophiles, and for this reason the present study deals with the peculiarities 
of reproduction of the sporulating aerobic thermophilic bacteria. Some parallel 
experiments were also conducted with mesophilic bacteria. 

The Behavior of Thermophilic Bacteria at Relatively Low Temperatures 

Thermophilic bacteria very often occur at temperatures lower than those 
necessary for th(iir growth. Hence it is commonly held that under such condi- 
tions the thermophiles are in a resting state (mostly in the spore state) and do not 
participate in the mineralization of organic matter. Re\ival of the thermophiles 
and the beginning of their active life is caused by a rise of temperature as linked, 
e.g., with heating of the superficial layers of the soil by sunlight or with self- 
heating of the disintegrating organic matter. 

Yet, inactivity of thermophiles at relatively low temperatures is sometimes 
denied. It was shown in a number of studies that the thermophiles are able to 
propagate not only at high but also at low temperatures, such as 20 to 30 C 
(Koch and Hoffmann, 1911; Wallace, 1924; Tanner and Wallace, 1925; Hansen, 
1933). It will be noted that growth of the thermophilic bacteria at these low 
temperatures proceeds so slowly that the division of one cell takes 6 hours 
(Hansen, 1933). Hence the development of the thermophiles at low tempera- 
tures has been overlooked. Thus, the thermophiles live and reproduce at rela- 
tively low temperatures and participate in the circulation of matter. 

Attention was therefore paid, in l^e present study, to the capacity of thermo- 
philic bacteria to grow at different temperatures. By inoculating meat peptone 
agar plates with the contents of the intestine of various ammals, soil, or slime, 
it is ea^ to cultivate colonies at 60 C. However, the overwhelming part of the 
colonies belongs to species which in pure cultures grow rapidly not only at 60 C 
but also at such low temperatures as 25 to 30 C. The optimum temperature 
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range for growth of these species is 40 to 50 C. Hence the great majority of 
the forms cultivated at 60 C belong not to the truly thermophilic but to thermo- 
tolerant species. 

As to true thermophiles, i.e., species whose optimal range of growth lies be- 
tween 55 to 65 C, one may distinguish two groups of organisms. One of them 
develops at 60 C but does not show any growth during several days at 28 to 30 C. 
Following the general biological nomenclature one may call them stenothermal 
thermophiles. 

The representatives of the other group of thermophilic bacteria also show a 
growth optimum at about 60 C, but a slight growth may also be seen at such 
low temperatures as 28 to 30 C, that is to .say, these are eurithermal thermophiles. 
It is important in determining the temperature range of growth that tests also 
be made for visible growth on the surface of agar at relatively low temperatures. 
However, in liquid media or in the condensation w'ater in agar test tubes such ap- 
parently negative tube cultures may show slow growth, which brings about an 

TABLE 1 

Cultivation of thermophilic bacteria at S8 to SO C 
(The figures correspond to the number of cells in thousands per 1 ml as found by direct 

count) 


EXP. NO. 

BACILLUS SP. (STBAIN 1) EURITHEBUAL 
THERMOPHILE 

B. DIASTATICUS STENOTHERMAL THERMOPHILE 

Initial cell number ' 

After 5 days 

Initial cell number 

After 5 days 

1 

510 

50,064 

6,115 

2,675 

2 

2,675 

35,287 

1,656 

2,038 

3 



4,713 

5,350 

Avg 

1,598 

42,676 

4,161 

3,354 


opacity of the fluid . This may be illastrated by the protocols of two experiments. 
In the first of these the culture of the thermophile, Bacillus sp. (strain 1), was 
inoculated on meat peptone broth of 1-cm depth. No perceptible growth was 
noted at 28 to 30 C on meat peptone agar by the naked eye during 3 to 4 days. 
In the second experiment the development of the thermophile Badllus diastaUcus 
nov. sp., which intensely hydrolyzes starch, was studied. The description of 
this species has been given elsewhere (ImSenecki etal.,\ 942) . Bacillus diastaticus 
was cultivated on 5 per cent potato decoction with 0.1 per cent chalk, also in a 
thin layer of liquid. In both experiments the number of cells was determined 
in the contents of the flasks immediately after inoculation and after 5 days’ in- 
cubation in a thermostat at 28 to 30 C. The method of direct count of stained 
bacteria was used. 

The figures of table 1 show that in 5 days the number of cells of Bacillus sp. 
increased by approximately 27 times. Hence, although slowly, the bacteria do 
reproduce, and the species in question may be classified as an eurithermal 
thermophile. 
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As to the amylolytic bacterium, Bacillus diastaticus^ which at 60 C develops 
vigorously on the potato decoction, no growth whatever was noted in the same 
medium during 5 days^ cultivation at 28 to 30 C. Such a behavior is char- 
acteristic of stenothermal thermophiles, which occur in nature much less fre- 
quently than the representatives of the first group. 

The species not developing at low temperatures, i.e., stenothermal thermo- 
philes, include also Bacillus cellulosae-dissolvens. A pure culture of this species 
rapidly fermented cellulose at high temperatures but not at relatively low tern-* 
peratures. This is sho\vn by the following experiment. In the midst of fer- 
mentation the flask with the decomposing cellulose was removed from the thermo- 
stat and the fermentation products were determined in the culture fluid. Then 
the flask was kept at 20 C during 10 days and the analyses repeated. In both 
experiments the same amount of hydrolytic products of cellulose and of volatile 
acids was found in the medium. Hence at relatively low temperatures cellulose 
is not fermented. Some investigators who dealt only with stenothermal species 
concluded that at a relatively low temperature no growth occurs. In studying 
eurithermal species one could make the mistake of attributing to all thermophiles 
the capacity of growth at low temperatures. In fact, however, there exist in 
nature both groups of thermophiles. 

Growth of Thermophilic Bacteria at High Temperatures 

Experiments were conducted on Bacillus diastaticus and Bacillus sp. (strain 1) 
to get an idea as to the rate of growth of the thermophiles at 60 C. Erlenmeyer 
flasks of 250-ml capacity were filled with thin layers (1 cm) of the liquid medium 
previously mentioned. The flasks were inoculated \\ith 17-hour cultures on 
liquid media. Cell counts were made immediately after inoculation and in 
cultures at different ages. Prior to inoculation, the cultures were diluted in a 
liquid nutrient medium brought to 60 C. In the experiments ^rith Bacillus sp. 
the number of cells was determined both by direct cell count and by plating on 
meat peptone agar. To secure cell counts in young cultures the flasks were 
inoculated with relatively large doses of microbes. In Bacillus diastaticus the 
cell count was made by plating in petri dishes on solid nutrient medium of the 
following composition: 20 per cent potato decoction, 100 ml; peptone, 0.5 g; 
chalk, 0.1 g; agar, 2.0 g. The results of these experiments are summarized in 
tables 2 and 3. 

It will be seen that the number of cells of Bacillus sp. and Bacillus diastaticus 
rapidly increases and very soon reaches its maximum. Reproduction of thermo- 
philic bacteria begins almost at once after inoculation of the culture. The 
initial stationary phase is either absent or is so short that our methods did not 
reveal it. Growth is more rapid in the thermophiles than in the case of meso- 
philes, that is, the generation time is shorter. In the thermophilic bacteria 
there occurs a more rapid diminution of the number of cells in the culture, and 
hence the stationary phase is followed by a rapid decline. Mesophiles are char- 
acterized by a slower diminution of the number of bacteria. 

Of considerable interest is the comparison of the results obtained with BacHlus 
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sp. (strain 1) by determining the number of cells by cell count and inoculation 
(table 2). By comparing the direct coimt and the plate count it is possible to 
elucidate the correlation between viable and dead cells and those which do not 
germinate on the surface of solid media. It will be seen that the number of 
cells obtained by direct count increases more rapidly than that obtained by 

TABLE 2 

Growth of the thermophilic bacteria (Bacillua ep., etrain 1) 

(The figures correspond to the number of cells in thousands per 1 ml as found by direct 

count) 



XHlfBDXATELY 

AFTER 

INOCULATION 

AOE or CULTURE 

EXP. 

4 hours 

6 hours 

17 hours 

24 hours 

36 hours 

NO. 

Pinocu- 

Uted 

in 

plates 

Direct 

count 

Inocu- 

lated 

in 

plates 

Direct 

count 

Inocu- 

lated 

in 

plates 

Direct 

count 

Inocu- 

lated 

in 

plates 

Direct 

count 

Inocu- 

lated 

in 

plates 

Direct 

count 

Inocu- 

lated 

in 

plates 

Direct 

count 

1 


3,185 

11,176 

43,567 

27,296 

74,396 





m 


2 

5,160 

1,401 


7,134 


38,090 







3 



29,340 










4 

2,233 

11,720 





258,200 

287,137 

101,500 

210,703 



5 

470 

6,115 





289,100 

332,233 

61,300 

339,622 



6 







145,900 

446,629 

111,800 

273,634 



7 


8,663 





195,000 

500,897 

204,800 

329,431 



8 

1,031 

4,968 









12,040 

19,873 

9 

484 

2,675 









10,160 

42,803 

10 

709 

4,104 









9,840 

36,434 

Avg , 

1,895 

4,274 

19,412 

23,652 

51,439 

49,215 

222,050 

391,724 

119,850 

288,349 

10,680 

33,037 


TABLE 3 

Growth of the thermophilic amylolytie bacteria {Bacillus diastaticus) 


(The figures correspond to the number of cells in thousands per 1 ml) 


EXP. NO. 

nOCEDlATELY 
AFTER INOCULATION 

(control) 

AGE OF CULTURE 

24 hours 

- - 1 

48 hours 

72 hours 

1 

2.8 

20,400 

l,4i)0 

370 

2 

13.6 

24,300 

830 

1,120 

3 

15.2 

7,000 

2,900 

59 

4 

7.4 

3,800 

600 

240 

Avg 

9.75 

13,875 

1,455 

447 


plating. This discrepancy reaches a maximum at the apex of the curve (maxi- 
mum stationary phase), which suggests that the ntuuber of dying ceils rises con- 
tinuously. It will also be noted that if the dead bacteria did not rapidly disin- 
tegrate, they would have been counted, even though reproduction of the cells 
had stopped. Microscopic examination of cultures of different ages completely 
confirms this view. In rdativdy young thermophile cultures there always occur 
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poorly staining ghosts of cells, as well as cells with granular contents. The 
morphological analysis reveals extremely rapid aging of the culture and early dis- 
integration of the cells. Dead cells are usually numerous in 24-hour cultures, 
in which amorphous granular debris accumulates. 

Thus, not only are thermophilic bacteria characterized by extremely rapid 
reproduction, but also no less characteristic is the rapid aging and dying of the 
cells. The whole rate of life of thermophilcs is increased; the faster the division 
of the cells, the sooner their death. In spite of the fast propagation of the 
thermophilcs, the total number of cells in the cultures without aeration is rela- 
tively low. For Bacillus sp. the maximum number of cells per 1 ml of culture 
amounts (direct count) to about 392 million; for Bacillus diasiaticus to only 14 
million. It seemed therefore worth while to determine the maximum number of 
cells in the cultures of mesophilic sporulating bacteria. For this purpose cul- 
tures of Bacillus rmlaharensis were taken, as well as Bacillus megatherium and 
Bacillus pseudoanthracis, because our strains of these species do not form a film 
which impedes cell count. The mesophiles were cultivated in flasks with meat 


TABLE 4 

Number of cells in the cultures of mesophilic bacteria 
(Tlie figures correspond to the number of bacteria in thousands in 1 ml) 


B. UALABAKEN81S 

B MBCATHEEIUM 

B. PSEtmOANTHBAaS 

Initial number 

After 48 hr 

Initial number 

After 48 hr 

Initial number 

After 48 hr 

17,325 

8,603 

15,542 

2,430,601 

830,583 

1,070,076 

19,109 

21,911 

23,185 

1,959,258 

1,643,331 

1,757,982 

21,147 

10,446 

2,140,152 

1,457,342 

A vg 13.843 

1,443,753 

20,510 

1 

1,801,295 

15,797 

1,798,747 


peptone broth; in other respects the methods of study were similar to those 
previously described. It was shown by preliminary experiments that the num- 
ber of cells in the cultures of all three mesophile species gradually increases, 
attaining a maximum in 48-hour cultures. 

The results of the experiments are summarized in table 4, which shows that in 
mesophiles the number of bacteria in the culture is very great, viz., from 1,443 
to 1,801 million, on the average. Thus, in thermophile cultures the absolute 
number of cells is considerably less than in the mesophiles. This difference is 
probably less than appears to be the case since in the thermopliile cultures auto- 
lysis and decomposition of the cells may have already begun, whereas in 
mesophiles autolysis begins much later. However, this discrepancy cannot be 
great as fewer cells are seen in very young thermophile cultures in which disinte- 
gration of the cells has not as yet begun. 

A suggestion was made, on ecological groxmds, to account for the difference 
in the number of cells in the cultures of thermophilic and mesophilic bacteria. 
The amount of dissolved oxygen in water is known to decrease with an increase 
in temperature, and it is logical to expect that one restricting factor in the growth 
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of thennophiles is > insufficient aeration of the medium. This seemed quite 
plausible as observations on thermophilic bacteria made during many years show 
that aerobic thermophiles reproduce well only in a thin layer of liquid medium. 
In flasks with a high column of fluid, development of the thermophile cultures 
is greatly impeded. The following experiments were aimed at an experimental 
verification of this suggestion. 

Effect of Aeration on the Raie of Growth 

* 

The following methods were used. Glass cylinders of 50-ml capacity were 
filled with 30 ml of the liquid medium previously mentioned. A rubber tube 
with minute orifices in its lower end was immersed in the medium. The tube 
was passed through the cotton stopper of the cylinder. The lower end of the 
tube was hermetically closed with a glass rod, whereas the upper end was con- 
nected with a glass tube through which sterile air heated to 60 C was passed. 
The medium within the cylinders was inoculated with 2 ml of an 18-hour culture 
grown in a liquid medium at 60 C. Immediately after inoculation the number 

TABLE 5 


Effect of aeration of culture on the growth of thermophilic bacteria 
(The figures correspond to the number of bacteria in thousands in 1 ml) 


EXP. 

BACILLUS DIASTATICUS 

EXP. 

BACILLUS SP. (STBAIM 1) 

NO. 

Initial number 

After 6 hr 

After 8 hr 

NO. 

Initial number 

After 6 hr 

After 8 hr 

1 


324,699 


1 

— 


2,225,758 

2 

8,408 

236,436 


2 

3 

25,478 

6,879 



Avg.. 

12,357 

330,068 

687,905 


14,268 

1,359,200 

2,294,039 


of cells in the cylinders was determined by direct count, and the cylinders were 
placed in a thermostat at 60 C. Air was passed through the medium throughout 
the experiment. Cell counts were made of the culture after 6 and 8 hours of 
aeration. 

It is seen from the data of table 5 that aeration appreciably accelerates the 
reproduction of thermophilic bacteria. Under these conditions the number of 
cells per 1 ml of culture of BacUlus diastaticus attains 587 million after 8 hours, 
and 2,294 million in the case of Bacillus sp. A comparison of these figures with 
those obtained in the nonaerated cultures (thin layer) shows that aeration 
greatly increases the number of cells. 

Thus, by means of aeration it is possible to shift appreciably the growth curve 
of thermophilic bacteria and to obtain the maximal number of cells in less time. 
In cultivating BaciUus diastaticus in large volumes of liquid for the production 
of amylase preparations, the cultivation time of the thermophiles can be reduced 
to a minimum. Thus, upon inoculation of the medium with 5 to 10 per cent of 
culture, and with more perfect aeration than in the laboratory experiments, 



















GROWTH OF AEROBIC THERMOPHILIC BACTERIA 


645 


reproduction of the bacillus and the accumulation of amylase in the medium 
attain a maximum after 4 to 5 hours. 

DISCUSSION 

As a result of adaptation to high temperatures there have arisen in nature 
thermophilic microbes among which occur species the temperature optimum of 
which surpasses the temperature causing death of the mesophiles. Such an 
adaptation can be simulated under laboratory conditions; by means of a gradual 
increase of temperature it is possible to obtain forms adapted to higher tem- 
peratures (Dallinger, 1887; Dieudonn^, 1894; Tsiklinsky, 1899). However, an 
appreciable change of the temperature maximum requires a considerable span 
of time. Thus, the sudden formation of therraophiles, which is considered pos- 
sible (Lieske, 1921; Kluyver and Baars, 1932), seems very doubtful. 

The thermophilic bacteria present an isolated group of microbes of secondary 
origin which have adapted themselvei? to life in surroundings with a high tem- 
perature. This group may include thermophilic strains of mesophiles, as is 
the case with bacteria fermenting cellulose, as well as species which do not appear 
to have parallel forms among the mesophiles. Some thermophiles have lost 
the capacity to grow, even slowly, at relatively low temperatures, whereas others 
have retained this capacity. 

Life at high temperatures calls forth a change in the whole biology of the 
microbes. Thus, characteristic of the thermophiles is rapid growth at high 
temperatures. Even in the slowly multiplying actinomycetes, thermophilic 
strains show rapid growth (Im§enecki and Avdievich, 1944). Vigorous repro- 
duction of the thermophiles is followed by rapid aging, death, and disintegration 
of the cells. These bacteria obey the general law that the more rapid the repro- 
duction, the shorter the survival time. Both phenomena, intense growth and 
rapid death, occur at the optimal temperature (for reproduction) of 55 to 65 C, 
but this temperature is not optimal for the preservation of the species. 

For practical purposes, rapid reproduction of bacteria is essential, whether 
or not there occur degenerative changes and mass death of the cells. In those 
cases in which rapid reproduction of the bacteria and accumulation of enzymes 
in the medium are required, the thermophilic microbes have some advantages. 
It is probably the early disintegration and autolysis of the thermophilic microbes, 
with the release of the intracellular enzymes, that account for the more rapid 
accumulation of the enzymes in the medium with the thermophiles than occurs 
with the mesophiles. 


SUMMARY 

Two groups may be distinguished among the thermophilic bacteria: steno- 
thermal thermophiles not developing at relatively low temperatures, and euri- 
thermal thermophiles growing at these temperatures. 

Rapid reproduction at high temperatures is one of the most characteristic 
peculiarities of thermophiles. Their growth curve differs from that of 
mesophiles. 
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Following rapid reproduction the cells of thermophiles soon die away, under- 
going autolysis and disintegration. Accelerated aging of the culture is also one 
of the thermophile peculiarities. 

Aeration of the culture appreciably accelerates reproduction of the aerobic 
thermophilic bacteria. 
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Although the immunological reactions of the luminous bacteria have received 
little study, they justify investigation from three points of view: first, the nature 
of their antigenic structure; second, the extent of species specificity in the reac- 
tions concerned; and, finally, the significance of antigenic components in the 
luminescent system. 

This study has included agglutination, agglutinin absorption, and precipita- 
tion tests in relation to whole cells as well as the filtrates obtained from cytolytic 
products. These procedures were applied to all the well-authenticated species 
available. Previous studies in which immunological techniques were employed 
have dealt almost exclusively with whole cells and with only very restricted 
groups of species or strains (Ballner, 1907; Ninomya, 1924; Meissner, 1926; 
Majima, 1931). Varying degrees of specificity and the occurrence of group 
reactions have been noted in these limited studies. Johnson (1941) cytolyzed 
the cells of two marine species in distilled water, and found a specific agglutina- 
tion of the ^'ghosts’* as well as the normal cells, and a specific precipitation of 
Berkefeld filtrates of the cytolyzates. 

The phenomena associated with the cytolysis of these organisms have been 
extensively investigated from the point of view of physiological activity (Harvey, 
1915; Hill, 1929; Korr, 1935a, 1935b; Johnson and Harvey, 1937, 1938) as well 
as the fine structure of the cells (Johnson, Zworykin, and Warren, 1943). In 
the report by Harvey and Deitrich (1930), however, the production of antibodies 
against the oxidative enzjme (luciferasc) concerned in the luminescence of 
extracts of the invertebrate animal Cypndina is described. 

Although a decrease in light intensity of luminous bacteria has been observed 
in the presence of immune serum (Ninomya, 1924), the results thus far reported 
have evidently been due entirely to the agglutination of the cells. A loss of a 
completely adequate gaseous respiratory exchange occurs concomitantly with 
agglutination . Furthermore, as observed in the present study, easy confirmation 
of this explanation may be obtained by observing the reappearance of the original 
light intensity upon vigorously shaking the agglutinated cells. 

MATERIALS AND METHODS 

The species used in these studies are Vibrio alherms (Lehmann and Neumann, 
1901)*; Vibrio phosphorescent; Achromobacter harveyi (Johnson and Shunk, 

^ Present address, Department of Bacteriology and Immunology, Jefferson Medical 
College, Philadelphia, Pa. 

•Cultures of these species, under the generic name Photobacterium, were obtained in 
1039 from the Delft Collection, through the kindness of Professor A. J. Kluyver. 

• Oriidnal culture was kindly supplied by Professor M. H, Soule. 
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1936); Achr<mobacter fischeri (Beij.) Bergey et al. (Bergey, 1934; Johnson and 
Shunk, 1936); Photob^terium phosphoreum (Cohn) Beij. (1912, 1916)®; Bcuyillus 
pierantonii (Zirpolo, 1918)®; Bacillus sepiae (Zirpolo, 1917)®; and Photobacterium 
spUndidum (Beijerinck, 1916)®. Of the eight species, six are marine forms and 
were cultivated on 3 per cent NaCl beef infusion agar. The remaining two, 
Vibrio albensis and Vibrio phosphorescens, are “fresh water’' species and were 
cultivated on the same medium as the marine species, except that the medium 
contained only 0.9 per cent NaCl. The medium was adjusted to pH 7.3 and 
sterilized at 15 pounds’ pressure for 15 minutes. P. phosphoreumy a psychrophilic 
t3rpe, was cultivated at 15 C., but the others were incubated at 25 C. 

These organisms are as authentic as could be obtained. Their possible identity 
with organisms described in the early literature (Beijerinck, 1889, 1890, 1916; 
Dahlgren, 1915; Gorham, 1903; Lehmann and Neumann, 1901; Mangold, 1910; 
Migula, 1897, 1900; Molisch, 1912) cannot be fully established in all cases. 
The literature concerning the luminous species, especially in regard to nomen- 
clature, is unusually confusing.^ The problem is perhaps somewhat further 
complicated by the occurrence of variants (cf. Beijerinck, 1912; Doudoroff, 
1938; Giese, 1943). The characteristics of the species used in this study have, 
therefore, been reinvestigated and are summarized in tables 1, 2, and 3. 

The organisms that have been previously studied are Vibrio rumpel (Ballner, 
1907); Vibrio pierantonii^ Coccobacillus pierantoniiy Bacillus sepiae (Meissner, 
1926); and Vibrio pierantonii, Coccobacillus pierantonii. Vibrio euprima, Micro- 
coccus sepiola, Coccobacillus tolega. Vibrio yasakii (Majima, 1931). 

EXPERIMENTAL 
Agglutination Reactions 

Luminous cultures were suspended in sterile blanks of the appropriate salt 
concentration. Rabbits were then injected in duplicate with each organism 

^ For example, Fischer, in 1888, discovered what he termed an ^‘Einheitnischer Leuchl- 
bacillus*^ in the water of the Kiel harbor. In 1889 Beijerinck included all luminous bac- 
teria in the special genus Phoiobacterium and renamed Fischer *8 bacterium, Phoiobacterium 
fischeri, Katz described an organism which he designated as Bacillus argenteo -phos- 
phorescens I. Migula (1897, 1900) maintained that this organism was a variety of Photo- 
bacterium fischeri (Beij.) and classified it as such in his System der Bakterien (1900). How- 
ever, Katz had previously isolated Bacillus argenteo -phosphorescens which Migula (1900) 
assumed to be a synonym of Bacillus argenteo-phosphorescens I, In 1897 Migula rejected 
Beijerinck's Photobacierium genus for this organism and included it in the genus Bacillus, 
i.e., Bacillus fischeri (Beij., Mig.). Fliigge (1896) reclassified this organism under Bacillus 
phosphorescens -indigenus Kruse. Further synonyms have been given: Vibrio fischeri 
(Beij.) (Lehmann and Neumann, 1901), Achromobacter fischeri (Beij.) Bergey et al. (1930). 

A further illustration of the susceptibility of these organisms to possible errors in classi- 
fication appears in Bergey^s Manual of Determinative Bacteriology, 6th edition, 1930. Under 
the description of Pseudomonas phosphorescens (Fischer) Bergey, the following organisms 
are cited as synonyms: Phoiobacterium phosphorescens (Beijerinck, 1890); Bacillus phos- 
phorescens (Fischer, 1888); and Bacterium phosphorescens (Migula, 1900). However, when 
the literature is consulted, it is apparent that Bacillus phosphorescens is evidently not 
synonymous with any of the other organisms mentioned above . Phoiobacterium phosphores- 
cens, as Bergey indicates, is synonymous with Bacterium phosphorescens, whereas Bacillus 
phosphorescens is a distinct species (Migula, 1897) . 
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TABLE 1 


Major characteristics of eight species of luminous bacteria 
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• Welch’s method, 
t Gore’s method. 

} The hemolysis results are unaccountably variable. 
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TABLE 2 

Characteristics of luminous bacteria (con,) 
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li 

1 

i 

I 

1 

1 

Growth 

Lumines- 

cence 

o 

o 

2 1 

15 C 

1 

20 C 

2SC 

37 C 

Fresh -water species— 0.9% NaCl 

F. albensis 

+ 

B 

1 

B 

B 

B 

+ 

+ 

a 

+ 


+++ 

++■+'4' 

V. phosphores- 


1 

1 

1 


1 








cens 

+ 

B 

B 

B 

-h 
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TABLE 3 

Characteristics of luminous bacteria (coni.) 
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33 

32 
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0.6 
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48 

46 
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— 
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++ 
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59 
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++ 
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7 

17 
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++ 
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19 

— 
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ifi 

7.8 
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— 

++ 

+++ 

+++ 



32 

18 

13 

2 

i 

m 

9,0i 
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* Luminescence appears at an earlier incubation period. 


over a period of 6 weeks. The animals received 1-ml suspensions of freshly 
prepared luminous 18- to 24-hour cultures at 48-hour intervals over a 3-we^ 
period. A rest period of 7 days followed, after which they received a 2-ml intra- 
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TABLK 4 

Agglutination and cross agglutination of eight species of luminous bacteria with rabbit anti* 
sera prepared from the following luminous cell antigens: V, albensis, A . fischeri, A. harveyi, 
V. phosphorescensy P. phosphor eum^ B, pierantoniiy B. sepiae, and P, splendidum 
(The table includes all cross agglutinations that were found) 


ANTIGEN 

DILUTION OF ANTISERUM (FINAL DILUTION) 
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0 
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0 

0 
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B 

B 

4 
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2 

2 

1 

0 

0 
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0 
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2 

2 

1 

1 

1 
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0 

0 

0 

0 

0 
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0 

0 

0 

0 
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0 
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4 
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1 

B 
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D 
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B 

3 

2 

1 

0 

0 
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P, phosphoreum 

4 

4 

4 

4 

3 

3 

2 

1 

1 

1 

0 

0 

« i 
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H. Anti-pierantonii 

B, pierantanii . 

D 

a 

fl 

B 

B 

B 

4 

3 

2 

2 

1 

0 

0 


0 indicates no agglutination; 1, trace; 2, moderate; 3, almost complete; and 4, complete 
agglutination. 


venous injection. After a second rest period of similar length, the rabbits were 
bled by heart puncture. The serum of each rabbit was tested at definite inter- 
vals diuing the period of injections for agglutination titer. 

Antisera were set up in dilutions rang^ from 1:20 to 1:40,960, using the 
appropriate salt concentration for the dilution of the antisera. To ea(di tube 
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and the control, 0.5 ml of the homologous antigens were added. At the same 
time, cross agglutination reactions were carried out with each of the 8 species. 
All tubes were incubated in a 25 C water bath for 4 hours, after which they were 
stored overnight in an icebox and read the following morning. 

The study of the agglutination reactions was complicated by the autoagglu- 
tination of several species. This was especially true of V. aJbensis and A. 
fischeri. However, this was remedied by centrifuging and washing the cells 
thoroughly. 

An examination of the data reveals that A . fischeri, P. phosphoreum, B, pieran- 
tonii, and B. sepiae are antigenically specific. Cross agglutination occurs be- 
tween T. albensis and V. phosphorescens, between A. harveyi and P. splendidum, 
and between P. splendidum and B. sepiae. 

The cross a^lutination of A. harveyi and P. splendidum has been confirmed 
by Johnson (unpublished). However, since only A. harveyi antiserum will 
react with P. splendidum and not vice versa, the relationship is obviously not of a 
reciprocal nature. This is also true in the case of P. splendidum antiserum and 
B. sepiae antigen. On the other hand, the V. albensis-V. phosphorescens cross 
reaction occurs reciprocally with these two organisms. It is interesting to note 
that although anti-F. albensis serum cross-agglutinates F. phosphorescens, the 
homologous strain is agglutinated to a higher titer. When anti-F. phosphorescens 
serum is used, an equal titer occurs with both antigens. 

Agglutinin Absorption 

For agglutinin absorption tests, heavy suspensions of cells were harvested in 
the appropriate sodium chloride solution, centrifugalized, and washed once. 
Absorptions were carried out in a final 1 to 20 dilution of serum. The tubes were 
well shaken and then incubated at 25 C for 3 hours. This was followed by strong 
centrifuging, i.e., until the supernatant was practically clear. This procedure 
was repeated with the supernatant serum and a fresh suspension of cells. Follow- 
ing the second incubation period, the tubes were left in the icebox overnight 
before centrifuging. 

The results of the agglutinin absorption tests, which are shown in table 5, 
confirm the results of the straight agglutination reactions. It is evident that 
P. splendidum almost completely absorbs its corresponding antibody from anti-A . 
harveyi serum without appreciably changing the agglutination titer of the serum 
with respect to A . harveyi. Similarly, B. sepiae absorbs its antibody from anti-P. 
splendidum serum without altering the titer of the senun for P. splendidum. 

Cross absorption experiments were set up for both F. albeneis and F. phos- 
phoreacens. Althou^ it was not possible'^ for F. albensis to absorb the entire 
V. phosphorescens agglutinin from the anti-F. phosphorestxns serum, a good frac- 
tion of the heterologous agglutinin was absorbed. On the other hand, the ab^ 

* In view of the close antigenic relationship between Y. albensis and V. phosphorescens, 
cross absorption experiments were repeated several times. Modifying the technique, 
i.e., dilution of sera, incubation period, and temperature, did not alter the abirorption 
results. 
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sorption of anti-F. aJbensis serum by V. phosphorescens resulted in an 
almost complete absorption of antibodies for both antigenic factors. In addition, 
V. phosphorescens almost completely absorbs from its homologous antiserum 
both V. albensis and F. phosphorescens agglutinins. These conclusions are 
reached from the agglutination reactions with the absorbed antisera (table 5). 

Practically a complete absorption of anti-F. albensis serum occurs in the 
presence of F. phosphorescens antigen. A significant fundamental agglutino- 
genic similarity exists. Anti-F. phosphorescens serum will not only agglutinate 
both F. phosphorescens and F. albensis to full titer, but agglutinins of either 
species are almost completely absorbed by that organism. 


TABL?: 5 

The effect of absorbing cross-aggUilmeUive immune sera with the heterologous antigens 
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Antigenicity of FUtrates After Cytolysis 

The antigenic properties of filtrates are of particular interest because the in- 
ternal components of the cell rather than the oitire cell are largely involved. 
Electron micrographs (Johnson, Zworykin, and Warren, 1943) have conclusively 
shown tiiat distilled water cytolytis of luminous cells is rapid but is not accom- 
panied by a complete ditintegration of tiie cell wall. Furthermore, the end 
product of cytolysis is a cell structure which is for the most part devoid of internal 
components. The question arose as to whether the filtrates so prepared were 
capable of producing immune sera which would not only precipitate the filtrates 
themselves but would also agglutinate intact luminous ceils. 
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Filtrates were prepared and standardized by the following procedure: 5 per 
cent by moist weight of luminous bacteria were c 3 dolyzed in distilled water. 
The disappearance of luminescence was indicative of this C 3 rtoly 8 is. The prepara- 

TABLE 6 


Agglutination and cross agglutination of luminous bacteria with rabbit antisera prepared 
from cytolyzed filtrate antigens . Wherever single antigens are 
listed, no cross agglutination occurred 
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Anti-pierantonii 







B. pierantonii .... 

4 


B 



2 

1 

1 

0 

0 

0 

m 

0 

0 


tion of filtrates of the fresh-water forms were more difficult. However, 
V. albenm, the more resistant to cytolysis of the two, served as the distilled water 
“standard” for V. phosphorescens. In this way, some degree of standardization 
of the filtrate potencies is maintained. Clear filtrates were obtained with Berke- 
feld filters. 

For the production of antisera, rabbits received intravenous injecticmB of 
filtrates. Five successive injections were administered at 2-day intervals. Be- 
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ginning with 1 ml, the dosage was doubled with each injection. Following a 
rest period of 7 days, two 20-ml injections of filtrate were made at 3-day intervals. 
After a second rest period of 7 days, the animals were bled aseptically from 
the heart and the serum collected. Cross agglutination experiments were set 
up in the usual manner. 

The results are summarized in table 6. With the exception of a general 
decrease in the agglutinating titers® and an antigenic difference in the F. albensts- 
V. phosphorescens cross agglutination, the data are in complete agreement with 
the straight agglutination reactions. A further interesting point was the almost 
identical cross agglutination results with either F. albensis or F. phosphorescens. 
This relationship, as shown in table 6, is discussed later. 

Precipitation Reactions 

The antigen was prepared and standardized by the same method as employed 
in the antifiltrate agglutination study. Precipitin ring tests were performed 
with antisera prepared by injections of rabbits with both luminous cell antigen 
and filtrate antigen, respectively. For each test 0.2 ml of a 1:3 dilution of 
antiserum was carefully overlaid by 0.2 ml of antigen. Dilutions of antigen 
ranged from 1:1 to 1:160. Three controls detected any possibility of auto- 
precipitation. 

The results of the tross precipitation reactions with luminous cell antibodies 
are found in table 7. It is apparent that the precipitin reactions reveal a mosaic 
of antigens within the bacterial cell in addition to a number of antigenic com- 
ponents which are common to several species. 

Both F. albensis and F. phosphorescens^ in addition to having mutual antigenic 
groups, still retain a similar titer relationship. Curiously enough, anti-A. 
fischeri serum has all the components necessary for the precipitation of any of 
the remaining species. In addition, a minor A. fischeri factor is present in the 
antisera of the other species. It is then valid to conclude that a common A. 
fischeri component is present in all species. The A. harveyi-P. splendidum cross 
precipitation is of a reciprocal nature. Furthermore, anti-A. harveyi serum will 
precipitate P. phosphoreum, B. pieranionii, and B. sepiae antigens. The P. 
splendidum-B. sepiae kinship is also of a reciprocal nature. It is to be noted 
that B. pierantonii serum possesses only one nonspecific component (A. fischeri). 

The results of the cross precipitation tests with filtrate immune sera are shown 
in table 8. There is obviously much more cross precipitation than with the 
luminous cell immune sera. The F. albensis-V. phosphorescens reciprocal rela- 
tionship is enhanced by the appearance of A. harveyi antibody in both sera. 
The antigenic makeup of A. fischeri and B. sepiae remain imchanged. Further- 
more, anti-A. harveyi serum will duplicate the results of the anti-A. fischeri 
serum. In addition, B. sepiae and P. splendidum now possess a similar mosaic 
of antigenic components. The only marked change in antigenic structure is 
shown by B. pierantonii. With only one nonspecific precipitation factor when 

• Although several additional injections of filtrate antigens were made, no appreciable 
increase in the agglutinating titers of the antisera resulted. 



TABLE 7 

Precipitation and cross precipitation results of luminous bacteria. I. Luminous cell immune sera 
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TABLE 8 

Predpiiaiion and cross precipitation results of luminous bacteria. II. Filtrate immune sera 
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combined with luminous cell immune serum, the filtrate immune serum of this 
organism precipitates six additional filtrates. P. phosphoreum occupies an 
exactly similar kinship with both B. sepioe and P. splendiduvt. 

The precipitin tests appear to be highly sensitive in seeking out the component 
antigens in luminous bacteria filtrates. Prevalent nonspecific reactions in addi- 
tion to weak precipitinogenic components are significant in the general antigenic 
system. It is evident from the enumeration of components present that the 
system is complex. Tests with luminous bacteria immune sera show a more 
specific antigen-antibody relationship than similar reactions with filtrate im- 
mune sera. 


DISCUSSION 

The results seem to indicate rather clearly that the six marine species 
of luminous bacteria studied, apart from minor agglutinins in two species (A. 
harveyi and P. splmdidum), are fairly specific in their agglutinin reactions. 

The fresh-water forms, V. albenais and V. phoaphorescens, present a much 
closer cross agglutination relationship. They are also much more agglutinogenic 
than the marine forms. Immune sera will give a higher titer in a shorter im- 
munization period. Whether this is due to the character of the antigenic re- 
acting groups is not known. 

With one exception, the results indicate that the specificity of the agglutina- 
tions with filtrate immime sera agrees with the results of luminous cell immune 
sera. This suggests that the agglutinin factors derived from luminous cells 
are all present in their filtrates and points to the classification of the latter as 
complete antigens. 

It is apparent that the cultural as well as immunological characteristics of 
F. albemis and V. phosphorescens are for the most part similar. However, 
V. phosphorescem possesses a more intense luminescence, is more stable in sus- 
pension, and is more complete antigenically. These facts suggest the possibility 
that V. aXbemis is a “rough” variant of V. phosphorescem, although differences in 
colony form are not appar^t. 

The precipitation studies of luminous bacteria exhibit much less specificity 
than the agglutination reactions and, in addition, a marked nonspecific reaction 
at low titer. Nevertheless, the differentiation of the various species is facilitated 
by the higher titers of the homologous antisera. 

Any consideration of the specific antigens involved in tiiie precipitation reac- 
tions of luminous bacteria is more or less speculative. The marked group phe- 
nomena which characterize the results are of special interest tince not merely 
different strains, or even species, but actually different genera are represented. 
Tliis study is not comprehensive enough to justify any recommendations as to 
the most desirable place, in the classification of l^cteria, for these organisms; 
nor for raiaming or ^tematizing the group itsdf . 

It is conceivable that these serological reactions are linked with similarity in 
the chemical structure of particular cellular components in which the luminescent 
^rstem is of prime importance, since liuninescence is perhaps the most oUtstand- 
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ing common property of the different organisms. A possible role played by the 
components of a common luminescent system of the organisms, in influencing 
antigenicity of the iiitact luminous cell, has not been established. Although no 
experiments were devised or conducted for the purpose of making a positive 
contribution to the problem of the mechanism of the luminescent system, com- 
ments on the subject can be presented on the basis of observations made during 
the course of this investigation. 

Ballner (1907) reported no inhibition of luminescence with immune sera. 
Although Ninomya (1924) found an inhibition with immune sera, he showed 
that a correlation existed between the degree of agglutination and the inhibition 
of luminescence. It is highly probable, as suggested by Ninomya, that these 
inhibitions are due merely to an intense clumping of cells during agglutination 
reactions which interferes with an adequate gaseous exchange. The possibility 
of a specific antigen-antibody reaction which influences this inhibition was con- 
sidered as a secondary factor by that author. 

Harvey and Deitrich (1930) investigated the possible antigenic properties of 
the Cypridina luminescent system, i.e., luciferase and luciferin. They reported 
the production of an antiluciferase serum which combined with active luciferase. 
When this luciferase plus antibody was now added to luciferin, the luminescent 
reaction did not occur. It is apparent that the enzyme which is involved in the 
luminescent reaction of Cypridina, and which is assumed to be responsible for 
the same reaction in luminous bacteria, is antigenic. 

The observation of numerous cases of both normal and immune sera in contact 
with luminous bacteria has revealed no evidence of a corresponding immunologi- 
cal interference with the light-emitting reactions in the living cells. In no 
instance was there an inhibition of luminescence, except by agglutination. The 
amoimt, and therefore potency, of such an enz 3 rme antigen, of course, must also 
be considered in explaining an apparent absence of a specific luminescent anti- 
body. Furthermore, luminescence is actually increased in the presence of both 
normal and immune sera. This is undoubtedly due to the addition of a nutrient 
substrate (Ninomya, 1924; Johnson, 1936; van Schouwenburg, 1938). 

Thus, it is clear that an antiluciferase antibody is either not present in the 
immune serum or else, if it is present, it does not have access to the light-emitting 
enzyme in the intact bacterial cells. This point is of particular interest for its 
possible significance in connection with the problems of the site of oxidative 
systems in living bacteria. If it may be assumed that bacterial luciferase is 
antigenic, the results would indicate that the luminescent enzyme is not directly 
exposed to immunological combination at the cell surface. 

sxnatABY 

The antigenic properties of eight species of luminous bacteria are reported. 
Evidence was sought from the results of agglutination, agglutinin absorption, 
and preoUntation. 

Cross agglutination results indicate that specific agglutinogenic properties 
are present in Aehromdbacter fiecheri, BaeiUus aepiae, BaotOm pierantmii, and 
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Photobacterivm phoaphoreum. Cross reactions occur between Ackromaibacter 
harveyi and Photobacierium apUndidum, between Photc^xicterium aplendidum 
and BaciUua aepiae, and between Vibrio cJbenaia and Vibrio phoephoreacena. 

The nature of the V. albenaia-V. phoaphorescma kinship is different from the 
other cross reactions. At least two major antigens are present in F. phoa- 
phoreacens, whereas V. aJbmais contains a major and minor antigen. 

Agglutinin absorption tests confirm the existence of major and minor ag- 
glutinins in the case of A. harveyi-P. aplendidum, and P. aplendidum-B, aepiae. 
Cross agglutinin absorptions with V. albenaia-V. phoaphoreacena indicate a sig- 
nificant agglutinogenic similarity. 

Filtrate antigens of luminous bacteria will give rise to agglutinins which ex- 
hibit specificities characteristic of luminous cell agglutinins. 

A mosaic of common antigens is revealed by cross precipitation with both 
immune filtrate sera and immune luminous cell sera. An intensified group re- 
action is found with the immune filtrate sera. These results are discussed in 
relation to the chemical composition of cellular structures and a luminescence 
factor of possible antigenic significance. 

The luminescence of living cells was not directly affected by any of the im- 
munological reactions studied. 
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Cryptostegia grandiflora R. Br. is a foliose tropical vine which bears a latex 
rich in rubber. The rubber can be obtained by cutting the long whiplike shoots 
or tapping the bark of the main trunk and collecting the latex which exudes. 
Recent work in this laboratory (Whittenberger, Brice, and Copley) has shown 
that the leaves of the plant also contain considerable quantities of rubber, which 
is localized in globules within the protoplasm of the chlorenchyma. This “cell 
rubber” comprises about 85 per cent of the total rubber of the leaves, the re- 
maining 15 per cent being typical latex rubber, which is in the latex duct system 
of the leaf. The cell rubber cannot be recovered by tapping the latex system of 
the plant nor have satisfactory pebble-miUing procedures been evolved analogous 
to those used for recovery of the rubber contained in the bark and wood 
of guayule. Solvent extraction is also unsatisfactory, as the yield of rubber is 
poor even after prolonged extraction unless the leaves are given an extensive 
chemical treatment prior to extraction. 

Use of fermentation as an aid in the recovery of rubber from plants is not new. 
Lamb (1873) fermented milkweed prior to solvent extraction of the rubber, and 
Saunders (1875) found that a brief fermentation of Asdepias comvii made the 
rubber more easily soluble. Aerobic fermentation of guajmle prior to mechanical 
recovery of the rubber was patented by Spence (1933) and further mvestigated 
by Naghski, White, and Hoover (1944). 

It therefore appeared probable that destruction of the cell walls by fermenta- 
tion would make the rubber available for recovery. The conditions and pro- 
cedure for this unique fermentation are discussed here. A report on a^ects of 
the problem which bear on the recovery and technology of the rubber will be 
presented elsewhere (Hoover, Dietz, Naghski, and White). 

EXPLOBATORY FERMENTATIONS 

The fresh living leaves used in these preliminary experiments were from an 
Fj hybrid of Cryptoategia madagaacarienm X C. grandiflora} The material 

* Natural rubber from doraeotic sources. Paper no. 7. 

* One of the laboratories of the Bureau of Agricultural and Industrial Chemistry, Agri- 
cultural Research Administration, United States Department of Agriculture. 

* This material was obtained from the U. S. Plant Introduction Garden, Coconut Grove, 
Florida, through the courtesy of the Bureau of Plant Industry, Soils, and Agricultural 
Engineering, United States Department of Agriculture. 
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used in the remainder of the fermentation studies was dried leaves of C. 
grandiflora.* 

Among the microorganisms tested were Chaetomium gloibosum, Trichoderma 
ligmrum, Aspergillus fumigatus, PenicUUum sp., Aspergillus spp., Clostridium 
8p.,* Clostridium roseum,'^ Clostridium felsineum * Bacillus subtilis, Pseudomonas 
aeruginosa, Flavobacteriumfeeale, and thermophilic cellulose fermenters. Several 
of these attacked the cell walls slowly, but two — C. roseum and C. felsineum — 
fermented the leaves readily, with considerable production of gas. Mild agita- 
tion disintegrated the fermented leaves and liberated a finely divided material 
which settled out as a green sediment. This sediment consisted of the coagulated 
contents of chlor«achyma cells devoid of cell walls, with the rubber globules 
embedded within them. Boiling with dilute alkali dissolved the protoplasts 
and liberated the rubber globules, which then rose to the surface. The rubber 
was also recovered readily from the protoplasts by solvent-extraction procedures. 
Photomicrographs of cross sections of a fresh living leaf, the isolated contents of 
the chlorenchyma cell, and the rubber-bearing globules recovered therefrom are 
shown in figure 1. 

Clostridium roseum was selected for tlie investigation. 

EFFECT OF VARIABLES ON THE FERMENTATION 

Assay method. The effects of time, temperature, concmtration of leaves, pre- 
treatment of leaves, added nutrients, and condition of culture on the rate of 
retting were studied to determine optimum conditions for retting. The following 
method of assay was developed to evaluate the effects of these variables. 
Twenty-five grams (dry weight) of leaves in a 1.5-liter Erlenmeyer flask were 
given the desired pretreatment and made up to the desired volume with a mineral 
salt solution (Allison and Hoover, 1934) or water, and then inoculated with a 
10 per cent volume of an 18-hour broth culture. The flask was equipped with a 
water trap to permit flushing out with nitrogen and also to allow the escape of 
fermentation gases. During incubation, it was shaken occasionally to keep 
“heading” at a minimum. Except for the temperature studies, all as 8 a 3 m were 
incubated at 39 to 40 C. At the end of incubation, the contents of t^ fliask 
were transferred to a 1-quart fruit jar mid shaken for 30 minutes in a mechanical 
riiaker. The disintegrated leaves were screened on a 20-meah sieve. The 
residue was diluted with 200 ml of water and screened again. The residue on 
the screen was dried at 100 C and weighed. The relative efficiency of the fer- 
mentation, expressed as “degree of retting,” was calculated as foUows: 

Degree of retting » g of residue from standard treatment/g of residue 
from eiqierimental treatmmit 

Ihe weight of residue from leaves extracted for three 54ninute periods with 
boiling water, made up to 5 per emit conemtration, inoculated, and incubated 

* This material was obtained through the courtesy of the Atkins Institution of the Ann^d 
Arboretum of Harvard Univeruty, Soledad, Cuba. 

* Cultures of C. rneum A 42, C. felsineum A 41 , and C. ^>. A 40 were obtained thrQU(d>‘ the 
courtesy of Dr. E. McCoy of the University of Wisconsin. 
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Kig. 1. PiiOTOGiiAPiis OF Material Pkepaued prom an Fi Hyurid of 
C. MADAGASCAR! EN SIS X C. GRANUIFLOHA 

/ , CVosfl section of preserved specimen of mature leaf ; unstained. 130 X . Rubber globules 
visible in the chlorenchynia. 

Cross section of fresh, living, senescent leaf. 460 X. (A) Rubber-bearing globules 
and chloroplasts within the palisade cells. (B) Upper epidermis. 

S, Protoplasts from retteil leaves. 130 X. 

4. A protoplast from retted leaf. 10(X) X. 

5. Suspension of rubber-bearing globules isolated from protoplasts by alkaline digestion of 
the protoplasts. 460 X. Many of the globules are not in focus. 
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at 39 to 40 C for 2 days was taken as the standard. This weight depended upon 
the particular batch of leaves fermented; consequently controls were run as part 
of each experiment, Lea(4iing out soluble constituents during pretreatment 
and incubation of the uninoculated control produced a loss in weight equivalent 



TEMPERATURE-*C 


2. Effect of Temperature and Concentration on Extent of Retting of 
Cryptostegia Leaves by Clostridium roseum in Two Days at 39 to 40 C 


to a degree of retting of 0.24; therefore values below this point represent no 
retting. Microscopic examination of samples giving a value of 0.95 or above 
showed that retting was essentially complete. This assay method enabled us 
to evaluate the effect of a large number of factors upon the fermentation and 
quickly determine optimum conditions. The excellent reproducibility of results 
is shown later in figure 2. 
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Production of inocutvm. A satisfactory medium for culturing the inoculum 
consisted of 16 ml of blackstrap molasses, 1 g of glucose, 5 ml of com steep liquor, 
and 1 g (NH 4 )jS 04 per liter of mineral salts solution* (Allison and Hoover, 1934) ; 
the reaction was adjusted to pH 6.8 to 7.2 with 10 per cent sodium hydroxide. 
No attempt was made to simplify this medium further. Growth was rapid; 
12- to 18-hour cultures gave satisfactory inocula for fermentations. Inocula 
more than 24 hours old became sluggish and showed a prolonged lag period. 
Microscopic examination of the latter showed spores to be predominant. The 
cultural and biochemical characteristics of C. roaeum have been reported by 
McCoy and McClung (1935). 

j Std)cuUuriiig. During exploratory work on the decomposition of Cryptostegia 
s leaves, the culture was maintained in an actively growing state by transferring 
I it to a fresh tube of com mash every other day rather than starting a fresh culture 
I from the dry-soil spore suspension. After a month of such treatment the culture 


TABLE 1 

Effect of aubculluring C. roseum on rate of retting of Cryptostegia leaves 


ACK OF CULTUKE FkOlf 

stock* 

NtnfBEE OF CONSECtniVE 
8UBCOLTVEES IN COKN MASB 

i 

DEOBEE or KETTINO AfTEl 

2 days 

3 days 

days 




2 i 

1 

1.00 

1.10 

44 

3 

0.90 

1,04 

44 

5 

0.62 

0.76 

13 

7 

0.59 

0.76 

44 

22 

0.58 

0.58 


* Stock culture was a spore suspension in dry sterile soil . 


fermented the leaves poorly. Table 1 gives data from an experiment designed 
to show the effect of frequency of transferring C. roseum in com mash on the 
loss of retting ability. A culture freshly initiated from the dry-soil spore sus- 
pension produced complete retting in 2 days. Cultures passing through more 
than the initial transfer gave progressively lower retting values. Cultures per- 
mitted to go into the spore state did not continue to lose retting ability, as shown 
by the 44-day cultures that sporulated in the com mash after the third and fifth 
transfer. 

HowevOT, a stock culture maintained in the spore state in dry sterile soil re- 
tained its activity and viability for more than 18 months. McCoy et al. (1926) 
reported that cultures developed from soil preparations were more active than 
those from com mat&. 

Pretreaimmt of the leems. The effects of various leaching procedures and of 
the medium mre presmted in table 2. Excellent results were obtained whoa the 
leaves were ipven tiu^ 6-minute extaractions or (me 15-minute extraction with 

« Ilie sdutioa (Huttained 0.8 g KEiPO*, 0.7 g E>HPO<, 0.2 g NaCt, 0.2 g MgSO<-7HK), 
and 0.1 g CaSb<2 HiO per Uter. 
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boiling water, Bmioval of extractives increased the rate of retting, presumably 
owing to the removal of inhibiting materials. It was also found that the leached 
leaves were fermented equally well whether mineral salts solution or tap water 
was used as the medium. Apparently sufficient minerals and nutrilities for 
optimum growth were carried over in the inoculum. Therefore, tap water was 
used in all large-scale experiments. 

Concentration of eolids. The maximum concentration of leaves which could 
be fermented in 2 days was determined. The results are shown in figure 2. The 
reproducibility of data obtained at 3, 5, and 7 per cent concentrations (based on 
original unleached weight of dry leaves) is illustrated by the superposition of 

TABLE 2 


Effect of •pretreatment and medium on degree of retting of Cryptoategia leaves by C. roeeum 


COKCSN^ 
TKATION OF 
LEAVES 

PEETEEATlfENT 

MEDIUM 

DEGSEE OF 
SETTING 

% 

3 

1 60-mi n steep at 62 C, not drained 

tap water i 

0.66 

3 

1 60-min steep at 62 C, drained j 

mineral salts 

0.74 

3 

1 60-min steep at 62 C, drained 

tap water 

0.76 

5 

3 20-min steeps at 65 C, drained 

mineral salts 

0.74 

5 

1 1-min boil, drained 

mineral salts 

0.84 

5 

1 6-niin boil, drained 

mineral salts 

0.90 

5 

1 10-min boil, drained 

mineral salts 

0.96 

5 

I 15-min boil, drained 

mineral salts 

1.00 

5 

1 16-min boil, not drained 

tap water 

0.77 

5 

2 5-min boils, drained 

mineral salts 

0.96 

5 

3 5-min boils, drained (standard treatment) 

mineral salts 

(1.00) 

3 

3 5-inin boils, drained 

mineral salts 

1.00 

7 

3 5-min boils, drained 

mineral salts 

1.00 

3 

4 5-min boils, draiped 

mineral salts 

1.06 

3 

4 5-min boils, drained 

tap water 

1.00 


points for different experim^ts. Ciomplete fermentation of the 7 per cent slurry 
was obtained. The inconsistent results at 9 and 11 per cent concentrations were 
due to the difiElculty encountered in keeping tire leaves submerged. Unless the 
leaves were submerged they fermented slowly. In largenscale experiments con- 
centrations above 5 per cent were difficult to handle with the equipment available. 
Undoubtedly the fermortation could be carried out with a higher solids content 
in equipment designed for the purpose. 

Temperature. Tranperature had a marked effect on the fermentatkm (figure 
2). Bating was substantially complete in 2 days at 35 to 45 C. At 28 C the 
deoompoaticnr inoceeded slowly; and at 50 C no retting occurred. McCoy and 
McChmg (1^5) found ffiat the range of temperature at whiiffi this wganisija 




ANABBOBIC rBBHBNTATION OF CRTFTOSTSQU LFATES 


569 


grew was from 8 to 62 C. Tliey also found that the fermentation of com mash 
at the higher temperatures investi^ted (54 to 62 C) was incomplete, and, of 
course, at low temperatures growth was slow. 

CmtaminarUs. C. romm establi^ed an ess^tially pure culture when incu- 
bated anaerobically, even with imsterilised leaves. It is therefore not especially 
sensitive to bacterial competition. This is in agreement with the results ob- 
tained by Dr. E. McCoy in retting plants for bast fibers with this organism 
(personal communication). 

Action antagonistic to C. roman was observed when attempts were made to 
ret a sample of molded leaves. Growth of bacteria was light, and the cell walls 
of the leaves were not decomposed. 

FEBBIENTATION PROCEDUBB 

On the basis of the foregoing results, large-scale fermentations were carried 
out in 40- and 120-gallon volumes. Many runs were made to prepare sufficient 
material for chemical and physical tests. A typical run will be described in 
which the leaves were retted in a 50-galIon barrel under nearly optimum condi- 
tions. A 7.45-kg lot of dry leaves was extracted with boiling water, made up to 
140 liters with tap water (40 C), and inoculated by introducing 10 liters of an 
18-hour culture of C. roseum at the bottom. The barrel was thm covered with 
a gasketed lid and kept anaerobic by leading in carbon dioxide gas generated 
from solid carbon dioxide in a Dewar fiask. Incubation was carried out at 35 
to 37 C for 2 days. Difficulty with “heading” was overcome by using a motor- 
driven, low-pitch propeller blade, which just swept the surface of the liquor and 
revolved at 6 rpm. This intermittently submerged the leaves that were pushed 
out of the liquid by the gases and also produced a gentle rocking action, which 
dislodged the gas and permitted it to escape. 

After two days’ incubation, the leaves were well digrated and dirintegrated. 
The slurry was passed over a vibrating screen (80 by 80 meshes to the inch). 
The liquid and the protoplasts passed through, but the bagasse (cuticle, veins, 
and si]^ stems) remained on top. Because the latex ducts in Crypiostegia 
leaves are long and closely associated with the veins, they were trapped in the 
bagasse. The bagasse was dispersed in water to half the original volume and 
again screened to recover the protoplasts that were trapped mechanically. The 
bagasse was freed of excess water by pressing and then dried. The protoplasts 
(sp gr 1.17 to 1.27) were recovered from the liquor in which they were suspended 
by gravity settling and decantation; a slurry containing about 4 to 7 per cent 
solids was obtained. The slurry was further freed of soluble materials by diluting 
with water, settling, and decanting. 

The data presented in table 3 show that the protoplasts amounted to one 
fourth of the original weight of leaves, and contained more than three fourths 
of the rubber, whereas the bagasse fraction amounted to less than one ei^th 
of the ori^nal wei^t and conthined less than one fourth of the rubber. Micro- 
scopic examination showed that the protoplasts were essentially free of latex 
ducts. ^06 the bagasse fraction induded a raoall portion of incompletely dis- 
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integrated leaves and also mechanically hdd somcTeleased protoplasts, it con- 
tained an appreciable quantity of cell rubber. These results are in agreement 
with those of Whittenberger, Brice, and Copley, who found about 10 to 15 per 
c«it of the total rubber of the leaves to be in the latex-duct rubber fraction. 
The loss in dry weight effected by the fermentation increased ihe over-all con- 
centration of rubber from 4.2 to 11.2 per cent. The rubber was determined by a 
meihod developed at this laboratory (unpublished). 


TABLE 3 

Diatribulion of rubber in protoplasts and bagasse of Cryploslegia leaves fermented by C. roseum 



OUOINAL 

LEAVES 

1 

PROTOPLASTS 

BAGASSE 

SETTING 

LOSS 

Dry weight, kg 

7.46 

1.86 

0.87 

4.72 

% of original leaves . . 


25.0 

11.7 

63.3 

Rubber content, %• 

4.2 

12.7 

8.1 


% of original rubber in — 


76.0 

22.6 

1.4 


' Moisture-free basis 


DXQBSTION OF PBOTOPLAST8 

In addition to the rubber and resin the dried protoplasts contained 5.5 to 7.3 
per cent nitrogen (depending on the composition of original leaves), equivalent 
to 34 to 45 per cent protein. Considering that the protoplasts are proteinaceous, 
it would appear that they should be decomposed by microorganisms or proteolytic 
enzymes. They proved, however, to be refractory. Attempts to digest the 
protoplasts with papain were not successful. When a dilute suspension of 
protoplasts was first adjusted with NaOH so that after boiling or autoclaving at 
16 pounds for 20 minutes the pH was between 8.0 and 8.5, the rubber globules 
were liberated by fermentation with P. aeruginosa, F. fecak, and B. subtilis. 
Adjusting the reaction with alkali did not liberate the rubber globules but changed 
the structure of the protoplasts so that these bacteria were able to digest them. 
Hydrochloric, sulfuric, and oxalic acids in concentrations up to 10 per cmt did 
not digest the protoplasts (10 per cent suspension), even after 5 hours’ boiling, 
and a 40 per cent solution of urea also did not dissolve them to any appreciable 
extent, il^iling with dilute aqueous alkali (NaOH or KOH) dissolved the pro- 
toplasts, however, and released the rubber globules. The concentrations of 
dilute aqueous alkali and of protoplasts which permitted dissolution of the 
protoplasts are shown in table 4. 

FBBMENTATION OF CSIAiXTLOBE BT CLOSTBinitm BOBSTTM 

Microscopic examination of retted leaves showed that tbe paren<4xyma cell 
walls were digested and the protoplasts liberated, indicating that (7. roseum 
was capable of fenmaiting cdlulose. McCk>y and McCltmg (1935) found that 
C. roeeim did not feimmt filter paper cellulose in tryptone broth. We have opn- 
fizmed this result. However, concerning growth on potato tiants, they statet 
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''The disintegration of tissue here differs from reaction of C. cuxiabulyUicum 
and suggests fermentation of pectin or cellulose or both.” Therefore, to cor- 
relate microscopic observations with chemical analysis, samples of leaves were 
analyzed before and after fermentation for 4 days. The residue after fermenta- 
tion was washed thoroug^y to remove soluble substances, and the total insoluble 
fraction was recovered quantitatively. For comparison another Chstridium 
culture (A 40) which does not produce satisfactory retting was used in a similar 
experiment. Determinations of crude hemicellulose and crude cellulose were 

TABLE 4 


Eiftci of concentration of alkali and protoplasta on rale of eolation of protoplaeie 


PROTOPLAST CONCENTRATION 

CONCENTRATION OP ftOOltm 
HYOROXXDR IN UQUOR 

TDIX OP BOILING* 

RATIO OP PROTOPLASTS TO 
SODXON HYDROXIDE 

% 

% 

min. 


1.6 

0,3 

10 

6.3 

6.0 

0.5 

16 

10 

6.0 

1.0 

6 

6 

10.0 

1.0 

20 

10 

10.0 

1.6 

15 

6.6 


* Minimum time necessary to effect complete dissolution of protoplasts as observed 
microscopically. 


TABLE 5 

Compoeition of leavee before and after retting for four daye with C. roeeum and with Cloe- 

iridium A 40 


CONSTirUXHT 

BXPORB 

RXITINO 

AFTER RBTTINO BY C. ROBBUM 

AITER BXITXNO BY CLOSTRIDIOK 
A40 

% 

% LOSS 

% 

% LOSS 


% 





Dry weight 

100 

38.5 

61.5 

53.0 

47.0 

Ash 

16.96 

4.84 

89.1 

5.59 

82.6 

Nitrogen 

2.67 

6.35 

22.9 

4.46 

11.2 

Crude hemicellulose 

2.66 

2.70 

61.1 

2.53 

49.5 

Crude cellulose 

9.26 

6.03 

75.0 

9.96 

43.1 


made before and after fermentation. Results of the analyses are presented 
in table 6. Ash and nitrogen were det^mined by the methods of analysis of 
the Association of Official Agricultural Chemists for plant materials (1940). 
The crude hemicellulose was determined by a modification of the methods of 
Potts and Bridge (1937); the crude cellulose was determined by a modification 
of the method used by Vladesoo (1940). Before these methods could be applied, 
tbe plant had to be freed of rubber and pectin by digestion with ammonium 
OKalate followed by successive mctractions with toluene, alcohol, and benzene. 

Ahhoui^ the fennmtation with both organisns i»Doeeded rapidly, with 
vigorous evolution of gas, the analytical results, together with the differences in 
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the effectiveaess of release of l^e protoplasts, allow certain distmctions to be 
made. C. roseutn produced a definitely greater loss in weight, nitrogen, and 
crude cellulose than did ChtMdium A 40. Both organisms caused about the 
same loss in crude hemicellulose. The protoplasts were not released by fermmta- 
tion with culture A 40, even when the leaves were agitated medianically. It 
appears therefore that the digestion of hemicellulose and the more readily avail- 
able cellulosic materials does not permit liberation of the protoplasts from the 
cells. Apparently C. roaeutn attacks the structural cellulose of the parenchyma 
cell wall, thus releasing the coagulated cell contents. However, it does not 
decompose the cell walls of the veins and midribs, thus leaving a “skeleton” 
of the vascular s}^tem. 


DISCUSSION 

The voluminous literature dealing with biochemical decomposition of cellulose, 
hemicelhiloses, etc., has been reviewed by T^ysen and Bunker (1927), by 
Norman (1937), and by Waksman (1932, 1940). Buswell and Hatfield (1939) 
have discussed the use of anaerobic fermentation for the production of com- 
bustible gas from cellulose and related constituents of agricultural residues. To 
our knowledge, fermratation has not been used for the segregation of the chlor- 
enchyma cell contents. 

The digestion of the cell wall, together with the chemical data obtained, 
strongly suggests that the cellulosic materials and related constituents of the 
cdl widl were attacked. Moreover, it is well known that the retting of plants 
for bast fibers by related organisms has to be closely controlled to prevent over- 
retting and consequent loss of strength of the fiber. It is apparent that after 
the pectinaceous substances have been decomposed, the organism gains access 
to the cellulosic fibers, thereby weakening them by partial digestion. The fact 
tiutt the retting organisms have not been considered as having cellulose-digesting 
ability further indicates that action on filter paper may be too exclusive a cri- 
terion. Puller and Norman (1943) have shown that cornstalk cellulose, es- 
pecially when it contains xylans, is more readily utilized than filter paper and 
is vigorously decomposed by organisms that utilize filter paper slowly. McClung 
(1943) has also shown that the chromogenic anaerobes, especially of the C. 
feUineum type, are prevalent in nature and can be readily demonstrated by 
proper techniques. Our data further emphasize the possibility that this group 
of organisms plays a more important role in the decomposition of plant materials 
in nature than has been hilherto suspected. 

Application of this unique fermentation in the study of other problems is at 
once apparent. It has already been, utilized by Whittenberger, Brice, and 
Copley to prepare leaf skeletons in their study of the distribution of rubber in 
CrypUaiegia leaves; and dmilar skeletons of other leav^ have been prepared. 
In the sqtaration and chemical study of the protoplasts from leaves of various 
phpts now und^ investigation, the techniques used here have been applied 
without modificatkm. 
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BUHMABT 

Anaerobic decomposition of Cryptostegia leaves for the recovery of rubber was 
studied. A two-day fermentation of preboiled Cryptostegia leaves by Chatridium 
Tomm at 35 to 45 C effected a loss of 60 per cent in the original dry weight of 
leaves and a 75 per cent loss in the crude cellulose. Consequently, the rubber 
content of the product was more than two and one-half times that of the original 
material, on a moisture-free basis. Parenchyma cell protoplasts were liberated 
by destruction of their cell walls. Screening fermented leaves suflSced to sepa- 
rate the protoplasts containing the cell rubber from the latex rubber in the other 
fraction comprising veins, epidermis, and cuticle. 

The protoplasts were resistant to action by acids, but were dissolved by dilute 
alkali ; the liberated rubber globules rose to form a cream. 

It has been established microscopically and chemically that C. roseum ferments 
the cellulosic fractions of leaves in situ, 
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Probably the greatest contribution to the field of chemotherapy was Domagk’s 
introduction of prontosil (chrysoidin) in 1936. Trefouel et d. (1935) soon theo- 
rized that in the tissues prontosil was broken down at the azo linkage to triamino- 
benzene and p-aminobenzenesulfonamide, and that this latter group was the 
active part of the prontosil molecule. The introduction of prontosil and its 
active principle, sulfanilamide, opened the way for successful treatment of 
streptococcal, gonococcal, and meningococcal infections. Inasmuch as pneumo- 
coccus infections did not respond to sulfanilamide therapy, it remained for Whitby 
(1938) to introduce sulfap 3 nidine, a sulfonamide effective in the treatment of 
pneumococcus infections as well as those previously mentioned. With this 
impetus given to sulfonamide research, several new and important compounds 
were soon introduced: sulfathiazole by Fosbinder and Walter (1939), sulfadiazine 
by Roblin et d. (1940), and sulfaguanidine by Marshall e d. (1940). Up to 
this period none of the sulfonamide compounds were found to have any appreci- 
able effect against certain other groups of oiganisms, notably the anaerobic 
Clostridia commonly associated with war-wound infections. 

Miller el d. (1940) synthesized p-aminomethylbenzenesulfonamide (sul- 
famylonO which was subsequently found by Klarer (1941) to be highly effective 
against certain anaerobic bacteria. Moreover, Schreus (1942) foxmd that p- 
aminomethylbenzenesulfonamide was unaffected by p-aminobenzoic acid, an 
attribute not associated with the c omm on sulfonamides described heretofore. 
These observations led one of us (Lawrence, 1944, 1945) to conduct an extensive 
study on the in vitro activities of p-aminoalkylbenzenesulfonamides against 
a variety of microorganisms. It also stimulated an interest in the search for 
other possible sulfonamides which are unaffected by p-aminobenzoic acid. 
Compounds of this t 3 rpe were found when a group of sulfanilylanilides was in- 
vestigated. The main representative of this group is Bulfanilyl-3,5-dibromo- 
anilide. A discussion of p-aminobenzoic acid relationships to the latter will 
be presented in another section of this report. 

To our knowledge, there is no reference in the literature to the antibacterial 
effects of di-halogoa-substituted sulfanilylanilides. Suter and Weston (1940), 
however, described tiie preparation of a mono-halogenated sulfanUylanilide, 
BulfanUyl-4-fluoroanilide, and noted that it showed a slight effect agmnst strep- 
tococcal infections in mice. Marchant et d. (1942) described a series of 38 
N'nsubstituted sulfanilamides, among which was sulfanilyl-4-bromoanilide. 

* Trade name ci Wintfarcp Chemical Cmptay, Ino. It ia known abroad as "marfanil” 
or “meaudin” and in the United States also as “tomosulfanilamide.’* 

m 
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Tbey found that this ocanpound did not possess antibacterial activity against 
any of tiirir test oi'ganisms. In both the foregoing instances only a single halogen 
atom is attached to the anilide portion of the molecule. Long and Burger (1941) 
synthesised a series of iodinated aromatic cconpounda and included in their 
group 8ulfanilyl*2,4-diiodoanilide. However, their studies did not include data 
on antibacterial activity. 

When preliminary tests showed that the antibacterial activity of sulfanilyl-3, 
5-dibromoanilide was unaffected by p-aminobenzoic acid, studies were made to 
determine the m oiiro effects of the compound upon a wide variety of bacteria. 

TABLE 1 


Chemical names and molecular weights of compounds 


tmWOUlKD 

VO. 

CHEMICAL M AME 

MOL. WT. 

1 

Sulf anilyl*3 , 5-dibromoaniiide'^ 

406.1 

2 

Sulf anilyl-S ^ 5-diohloroanilide* 

317.2 

3 

Benzenesulfon-S , 5-dibromoanilide* 

391.1 

4 

Aminomethylbenzenesulfon-3 , 5-dibromoanilidet 

420.1 

5 

Ethanesulf on-3 , 5-dibromoanilidet 

343.1 

6 

3 f 5-dibromoaniline* 

250.9 

7 

3,5-dibromoaniline bydrochloride 

287.4 

8 

Sodium salt of sulfanilyl-3, 5-dibromoanilide 

428.1 

9 

Sodium salt of 8ulfanilyl-3,5-dichloroanilide 

339.2 

10 

Sodium salt of benzenesulfon-3, 5-dibromoanilide 

413.1 

11 

Sodium salt of benzenesulfon-2-chloroanilide 

289.7 

12 

Sodium salt of b6nzenesulfon-3-chloroanilide 

289.7 

13 

Sodium salt of benzenesulfon-4-chloroanilide 

289.7 

14 

Sodium salt of benzenesulfon-3, 4-dichloroanilide 

324.2 

15 

Sodium salt of benzenesulfon-2,5-dichloroanilide 

324.2 

16 

Sodium salt of benzenesulfon-3,5-dichloroanilide 

324.2 

17 

Sodium salt of N^-acetylsulfanilyl-3,5-dichloroanilide 

381.2 

18 

Sodium salt of N^-acetylsulfanilyl -3, 5-dibromoanilide 

470.1 


* — Compound fimt dissolved in a few ml of alcohol preparatory to initial broth dilution, 
t Compound first dissolved in a few ml of n/ 1 NatCOt preparatory to initial broth 

dilution. 

All other compounds dissolved directly in broth. 

Assuming that the activity of the compound was not due to the NH| group in 
the jMira*position, but rather to the other components of the molecule, an anal- 
ogous compound was prepared and tested in which the amino group was lacking, 
i.e., benzenesulfon-3,6-dibromoanilide.‘ Another compound was studied in 
whidi the bromine atoms were replaced by two chlorine atoins, or sulfanilyl-3, 
5-diehloroanilide. Due to the relative insolubility of the compounds mentioned, 
thrir sodium salts were prepared and were compared wirii me parent anilides 
for activity. In addition, derivatives were tested in which tiie two halogmii 

* We wish to express our t^preciation to Dr. H. Kaplan and Mr. G. Leubner for the prep- 
aration of all the anilides mentioned in this report. An account of their methods of syn- 
thetfising the compounds will be published elsewhere. 
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atoms were in various portions on tiiie ring. Several mono’halogenated com* 
pounds, two acetyl derivatives, and the simple 3,5^bromoaniline w^ added 
to the series. Ethane8ulf(m-3,5-dibromoanilide and the p-aminomethyl- 
benzenesulfonamide analogue of the “ts^-compound,” aminomethylbensene- 
sulfon-3,5-dibromoanilide, completed the group. A list of the compoxmds to- 
gether with their molecular weights is given in table 1. In figure 1 are given 


NH, 



3 ) 5-dibroinoaniHne 
(Compound 6) 



Sulfanilyl-3 , 5-dibromoanilide 
(Compound 1) 


Br 

SOgNH— ^ 

^Br 


Cl 


80.NNa— < > 




Cl 


Benzene8t||lon*3 , 5-dibromoaniUde 
(Compound 3) 


Sodium salt of benzenesulfon- 
2, 5*dichloroaniIide 
(Compound 16) 


HjNCH, 


Br 

Br 


C,H,SO,— NH 



Aminomethylbenzenesulfon-S.S-dibromoanilide Ethane8uIfon-3,5- 

(Compound 4) dibromoanilide 

(Compound 6) 

Fiq. 1. STBUCFURai. Fobhuiae or lUPBESBNTATiyB Compounds 


the structural formulae of several representative types of the benzenesulfonic 
acid derivatives. 


METHODS 

With the exception of the studies in which the gonococcus was used, the 
general metimd of testing l^e compounds was as follows: An initial dilution oS 
1 : 1,000 of each compound was prepared in a broth medium. Compounds which 
were relatively insoluble in wato: were first diaaolved in a few milliliters of 
dordiol or, in some instances, in a molar soiuti<m of sodium carbonate preparatory 
to making the initial broth dilutkm (tabte 1). From the lattm-, serial dilutions 
were prepared in broth up to and including 1:512,000. The tubes were auto- 
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clayed at 10 pounds for 10 minutes. In the pneumococcus, meningococcus, 
and stareptococcus tests normal horse serum was added to the medium to give 
a final concentration of 0.1 per cent. The inoculiun added to each tube was 
(me 4-nun loopful of a 24-hour broth culture of the test organism. The organ- 
isms used and the media in which they were tested are as follows: 


Pneumococcus type I 
Pneumococcus type II 
Pneumococcus type III 
Streptococcus pyogenes (C-203) 
Staphylococcus aureus 
Eberthella typhosa 
Salmonella paratyphi 
Shigella paradysenteriae (Hiss) 
Vibrio cholerae 


Veal infusion glucose broth -H 0.1% horse-serum 


Beef extract broth 


Clostridium welchii 
Clostridium tetani 


} 


. . Brewer^s fluid thioglycollato medium 


Meningococcus group I 1 
Meningococcus group Ilaj 


.Brain heart infusion broth (Difco) 0.1% horse serum 


After inoculation all tubes were incubated at 37 C and examined for visible 
growth at intervals of 24, 48, and 72 hours. Lack of growth after 24 hours’ 
incubation was considered evidence of bacteriostasis. Tubes which failed to 
show growth at the end of 72 hours were tested for bactericidal activity by trans- 
ferring 3 loopfuls of the drug organism broth mixture to a broth medium lacking 
the drug. Failure cd growth to appear in the subculture tube was taken as 
evidence of bactericidal action on the part of the drug in the original medication 
tube. The results of tests against the gram-positive cocci, the gram>negative 
and gram-positive bacilli, and the gram-negative cocci are given in tables 2, 
3, and 4, respectively. 

The test procedure was modified somewhat in the studies on gonococci. 
Dilutions up to and including 1:150,000 of the compounds were prepared in a 
medium of the following composition: 


Proteoae-peptone, Difco 16 g 

Glucose 2 g 

Soluble starch 10 g 

NaCl 6 g 

N8,HP0« 3 g 

Gelatin 20 g 

Distilled water 1000 ml 


After autoclaving, each tube was inoculated with a loopful of a saline susp(m- 
sion gonococcal cells. The suspension was prqiared by wiu^ung the growth 
from a 24-hour glucose starOh agar slant (Difco) with 5 ml of i^bysiblogical saline 
sedation. The inocidated tubes were incubated at atmap^rature of 37 C. Sob^ 
culturee wete made from these tubes to fre^ jocose starch agar aftw the ot~ 
ganif^ had be«i exposed for 24 and 48 hours to the test omnpoands. Ilw 
subculture tubes were incubated at 37 C for 72 h<»xrs, and the amount of growth 
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recorded. Complete absence of growth on the slants was l^en as evidenoe of 
a bactericidal effect of the drug upon the organisms in the original mixture. The 
results of the tests against gonococci are part of table 4. 

RESui;rs 

As indicated in table 2, the gram-positive cocci are affected to the greatest 
extent by sulfanilyl-3,5-dibromoanilide, sulfanilyl-3,5-dichloroanilide, and their 
sodium salts (compounds 1, 2, 8, and 9). The removal of the amino group 
(compoimds 3 and 10) results in a slight loss of activity. It would appear, 
therefore, that sulfanilylanilides or benzenesulfonanilides having two halogen 


TABLE 2 

Highest dilution of compound showing antibacterial activity 



PNEUMOCOCCUS 

STEEPTOCOCCUS 
PVOOENEB C203 

STAPHYLOCOCCUS 

COMPOUND NO. 

Type I 

Type Ii 

Type III 

AUEEUS 


Bs 

Be 

Bs 

Be 

Bs 

Be 

Bs 

Be 

Bs 

Be 

1 & 8 

128 

64 

128 

128 

B 

64 

32 


64 

<1 

2& 9 

128 

64 

256 

128 

B^l 

64 

32 


32 

<1 


64 

16 

128 

32 

64 

16 

8 

<1 

64 

<1 

4 

8 

4 

8 

8 

8 

4 

8 

2 

4 

<1 

5 

4 

2 

4 

4 

8 

4 

4 

2 

1 

<1 


4 

4 

4 

4 

4 

2 

4 

4 

8 

4 

11 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

12 

8 

8 

16 

8 

8 

4 

4 

4 

4 

2 

13 

4 ; 

2 

8 

4 

8 

4 

4 

4 

4 

4 

14 

16 

16 

32 1 

16 

<1 

<1 

8 

<1 

4 

<1 

15 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

<1 


16 

8 

16 

8 

16 

8 

8 

8 

<1 

<1 

17 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

18 

16 

16 

32 

16 

i 

<1 

<1 

<1 

<1 

<1 


Figures represent dilutions baoteriostatio (Bs) or bactericidal (Bo) as expressed in 
thousands, i.e., 128 l.‘l!@,000. 

<1 Concentrations greater than 1:1,000 not tested. 


atoms in the 3,6 position are considerably more effective for this group of organ- 
isms than those with the halogens in the other positions on the anilide portion 
of the molecule. 

With the anaerobic clostridia (table 3), it may be noted that the compounds 
in which the bromine or chlorine atoms are in the 3 or 3 ,4 or 3 ,6 positions on the 
anilide portions cl the molecules exhibit the greatest antibacterial ^ect (com- 
pounds 1, 2, 3, 8, 9, 10, 12, 14, and 16). With but few exceptions, the compounds 
have little, if any, effect a^unst the gram-negative enteric bacilli. The only 
contistoat results which may be considered significant are obtained with amino- 
m«tiiylbenienesulfon-^,5-dibromoani]ide, ethanesulfon-3,5-dibromoanilide, and 
the simple 3, fiiiiibrcmoanilines (compounds 4, 6, 6, and 7). 

In geiMTal the anSides are ^ective agaiiut the meningococci (table 4). Most 
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of them are superior to sulfanilamide and p-aminomethylbmizene sulfonamide 
but less active than sulfathiasole. It should be noted that Bulfanilyl-3,5- 
dibromoaoilide (compound 1) compares in activity with sulfathiasole. 

Throu^out all these tests the single halogen compound, benzenesulfon-2- 
<hloroanilide (compound 11) and the acetyl derivatives of either sulfanilyl- 
3,5-dichloro- or sulfanilyl-3,&Klibromoanilide (compoimds 17 and 18) show 
practically no antibacterial activity, regardless of the organisms used. Amde 
from these three compounds, the rmainder have a definite inhibitory action 
against one organism or another. There is, furthermore, a suggestion of speci- 
ficity of one type of compound for a certain group of organisms. 


TABLE 8 

Higheti dilution of compound showing antibaettrial aetioitv 


C01tK)imi> KO. 

CLOSTSIDIIJM 

XBIITBEXXA 

TvraosA* 

BRXGXIIA 

BAXADYSENTXllAZ 

VXBXIO CHOLEBAX 

wolchii 

1 tetani 


Bfi 

Be 

Bi 

Be 

Bi 

Be 

Bl 

Be 

B> 

Be 

Id; 8 

32 

16 

32 

16 

<1 

<1 

16 

<1 

32 

<1 

2 & 9 

8 

8 

16 

16 

<1 

<1 

16 

<1 

32 

4 

3<&10 

32 

32 

32 

32 

<1 

<1 

<1 

<1 

<1 

<1 

4 

2 

1 

2 

2 

4 

1 

16 

2 

16 

8 

5 

4 

<1 

4 

4 

4 

<1 

8 

2 

16 

2 

7 

2 

2 

4 

4 

8 

8 

16 

8 

16 

16 

li 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

12 

8 

4 

8 

8 

<1 

<1 

1 

1 

8 

8 

13 

8 

8 

8 

8 

<1 

<1 

1 

<1 

8 

8 

14 

16 

16 

32 

32 

<1 

<1 

<1 

<1 

4 

<1 

15 

<1 

<1 

' <1 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

16 

16 

16 

16 

16 

<1 

<1 

<1 

<1 

4 

<1 

17 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

18 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

<1 


See legend under table 2. 

* Identical resulte were obtained with Salmonella paratyphi. 


Of particular interest are the results obtained with the various strains of 
gmiococei. Whereas strains Led, 91, and 66 are relatively sensitive to the sul- 
fmiamides, strain Spr appears to be of the “sulfonamide-resistant” type. Most 
impressive, therefore, is the activity tiiown against the latter strain by the major- 
iiy of the anilides. Compounds 11, 15, 17, and 18 were tbe <mly derivatives 
ineffective against stiain Spr. 

Tetiamthp-AminobermicAcid 

A compound repreimntative of the suffanilyl-dibrmnoanilides (compound 8) 
and one r^reaentative of the bensoiesulfon-dibrbmoaniiideB (compound 10) 
were each dissolved in distilled water to give mokr concentrations oS 10^, 
10^, and 10~*. Dilutitms ci THuninobennfic acid were prepared in a similar 
mannor. All solutions were autoclaved at 10 pounds for 10 minutes. Each 
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TABLE 4 


dilution of compound ahomng antibacterial activity 




MENINGOCOCCUS 



GONOCOCCUS* 


COMPOUND NO. 

Group 1 

Group llA 

Strain 

Strain 

Strain 

Strain 

SPR 


Bs 

Be 

Bs 

Be 

itkdX} 

91 

66 

1 A 8 

128 


64 

32 

50 

50 

50 

20 

2 A 9 

64 


32 

16 

50 

75 

50 

20 

3 A 10 

32 

32 

32 

16 


150 

75 

50 

4 

16 

8 

8 

8 



10 

10 

5 

16 

8 

8 

8 

20 


20 

10 

6 A 7 

32 

8 

32 

8 



10 

5 

11 

8 

<1 

8 

<1 



<1 

<1 

12 

32 

16 

16 

16 

20 

40 

20 

10 

13 

16 

16 

16 

16 

20 

20 

20 

10 

14 

32 

16 

32 

16 

75 

100 

50 

20 

15 

16 

16 

16 

16 

40 

40 

20 

<1 

16 

32 

32 

32 

32 

75 

75 

50 

20 

17 

4 

<1 

8 

<1 

El 

<1 

<1 

<1 

18 

16 

<1 

16 

<1 

El 

<1 

<1 

<1 

Sulfanilamide 

8 


8 

8 


10 

5 

<1 

Sulfathiazole 

128 


256 

32 


40 

50 

<1 

Sulfadiazine 

128 


256 

2 


20 

40 

<1 

p^Aminomethylbenzeneaul- 

fonamide 

8 

1 

16 

8 


5 

2 

<1 


See legend under table 2. 

• « Bactericidal activity only. 


TABLE 5 

Effect of p-aminohemoic acid upon compounds 


FABA-UOLAB CONCENTBATXON 


TEST COMPOUND MOLAB CONCENTKATION 

10-* 

10”* 

10”» 

0 

m 

D 

m 

24 

48 

72 

24 

48 

72 

m 

11 

72 

Sodium salt of sulfanilyl-3, 







1 






5-dibromoanilide ' 10** 

0 

0 

0 

0 

0 

O 

0 


0 

® 1 

0 

0 

10~< 

0 

0 

4 

0 

0 

4 

0 


4 

0 

0 

4 

io-‘ 

4 

4 

4 

n 


4 

4 

4 

4 

4 


4 

0 

4 

4 

4 

n 


4 

4 

4 

4 

4 


4 

Sodium salt of bensenesul- 













fon-^,5-dibromoanilide 10"* 

0 

o 

o 

0 

0 

0 

0 

0 

0 

0 

0 

0 

10"* 

0 

2 

2 

0 

2 

2 

0 

2 

2 

0 

2 

2 

lO"* 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

0 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

1 4 

4 


0 •• No growth. 

2. Approximatdiy half aa much growth as control tube, 
4 «» Growth equivalent to broth oontrol. 
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ooiieeatiati<m of test compound was mixed with each conoentiBtiiwi of p-amino- 
bensoic acid in veal i^oose brot^ by aseptiodly inpetting sterite solutions per 
tube as follows: 


Ml 

Veal glucoee bfoth 7.8 

PAB A solution 1.0 

Solution test compound 1.0 

Normal horse serum 0.1 


9.9 

To each tube was added 0.1 ml of a 1:500 dilution of a 24-hour veal glucose 
broth culture of Streptococcus pyogenes (C-203). The final c<moentrations of 
p-aminobensoic acid and the test compounds thus became 10~*, Id"*, and 10~* 
molar. The tubes were incubated at 37 C and examined for growth after 24, 
48, and 72 hours. The data (table 5) show that p-aminobensoic add, in the 
concentratians tested, did not antagonise the bacteriostatic activity of dther 
test compound. 


DISCUSSION 

While studying the mechanism of action of sulfanilamide, Woods (1940) 
noted that small amounts of p-aminobenzoic add would block completely the 
the antibacterial effects of the compound. On the basis of this observation, 
Woods and illdes (1940) advanced a theory to explain the mechanism of action 
of sulfanilamide upon bacteria. These investigators assumed that p-amino- 
bsozoic acid is an essential growth factor for the organism and noted l^t idar 
tively minute amounts of the acid would antagonize the antibacterial effects 
of sulfanilamide. On the bads of thdr fincfings, they exphuned the interference 
of sulfonamide action as a competitive inhibition due to the structural zda- 
tiimdup existing between the two compounds. Until recently, all sulfonamides 
containing a free NHt group were found to be antagonized by the presence of 
p-aminobenzoic add. The fact that p-aminomethylbenzenesulfonamide, and 
later the benzenesulfonanilides, were unaffected by p-aminobenzdc add was 
antidpated in part, inasmuch as in the former compoimd the para-amino group 
is separated from the benzene ring by a methyl rascal, and in the latter com- 
pound the amino group is entirdy lacking. Schreus (1942) postulated that 
wh^eas p-aminobenzoic acid is not concerned with the action of p-aminmnethyl- 
boizenesulfonamide, one of its analogues, namdy, p-aminmnethylbenzdc add, 
is tiie metabolite which is in competition with p-ftminnTnBtbylh ftnw«iftnii1fnnftmidft 
for the growth of the organisms. One of us (Lawrence, 1944, 1946), howevor, 
has brought forth evidooiee of the inability of p-aminometi^U}enzoic add to 
inteilere with tiie antibacterial effects of p-antinometiiy&eniKnaBulfQnamide, 
thus invalidating the tiieory. of Schreus and proving this idationdiip to be in- 
oost^uktible with the Woods-Fildes theory. 

Coatruy to expectation, the sulfanilylanilides studied in the pmsent inveeti- 
gations, altinm# cmitaining a free group in the panHMMitidii, wwe uo* 
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affected by the presence of p-aminobenzoic acid. The results obtained both 
with tiie sulfanilylanilides and with p-aminomethylbenzenesuifonamide, there- 
fore, are in contradiction to the tenets of the Woods-Fildes theory. 

Probably one of the best approaches to the solution of the problem of the 
mechanism of sulfonamide action is a study of drug antagonists. The antag- 
onism displayed by p-aminobenzoic acid toward the commonly known sul- 
fonamides (sulfanilamide, sulfathiazole, etc.) suggests that antibacterial activity 
is produced by interference with some metabolic function of the bacterial cell. 
We have tested a large number of vitamins and vitamin derivatives, amino 
adds, and carbohydrates for a possible antagonistic effect toward the compounds 
described in this report, but as yet none have shown any evidence of this activity. 

smoiART 

The in vitro antibacterial effects of a series of benzene sulfonic acid derivatives 
are presented. 

The compormds which have halogen groups substituted in the 3,4 or 3,5 
positions on the anilide portion of the molecule are usually more effective than 
the mono-halogenated compounds. 

An acetyl group in the podtion greatly diminishes the antibacterial effects 
of the parent compound. 

The sulfanilylanilides and benzenesulfonanilides are unaffected by the presence 
of p-aminobenzoic acid. 
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INTEODUCTORY 

Fungi, especially the filamentous typ«3, have become definitely established 
as the most important group of organisms that is capable of producing antibac- 
terial substances under proper conditions of culture. No less significant, 
even if less well known, is the fact that many microorganisms, including fun^ 
on the one hand, and bacteria and actinomycetes on the other, are capable of 
producing agents which possess antifungal properties. Some of the antibiotic 
substances which are active against bacteria are also characterized by fungistatic 
and fungicidal activities; others, however, may be active upon bacteria but not 
upon fungi. 

These facts have long been known to the plant pathologists, who were im- 
pressed by the ability of fungi to live in close association with other microor- 
ganisms in natiuul substrates, especiaUy in the soil. Many of the organisms 
antagonistic to fungi were known to have a specific capacity of inhibiting the 
growth of various plant-pathogenic fimgi and even of causing their destruction. 
This effect is selective and varies for different fungi, some being affected greatly 
and others slightly or not at ail. The practical utilization of this phenomenon 
for the ccmtrol of plant diseases has, therefore, been suggested (Chudiakov, 
1935; Novogrudsky, 1936) and has actually been utilized on a limited scale. 
However, the ability of antagonistic microorganisms to attack fungi causing 
animal diseases (Chambers and Weidman, 1928) and the utilization of the anti- 
biotic substances produced by these organisms for the purpose of combating 
such pathogens have received only cursory considerarion (Waksman, 1945). 

The favorable effects that resulted from the practical utilizaticm of certain 
antibiotic substances, such as tyrothridn, penicillin, and streptomycin, for the 
ccmtrol of various human and animal diseases caused by bacteria suggested the 
possibility that some of these agmts may also be utilized for the control of 
human and animal diseases caused by fungi. 

No attempt will be made to review here the very extensive literature on the 
antagonistic effects of various microorganisms upon fungi (Waksman, 1941). 
Studies of these reacticms have resulted in the isolation of crystalline gliotoxin 
(Weindling, 1934) and in the demonstration that various bacteria produce 
antifimgal agents (Ghudiakov, 1935; Cordon and Hamueler, 1939). 

The ^ect of antibiotic subiAanees upcm fungi resulted in a modification of the 
morphology of the organians, a change in scmie physiologicai mechanism such 

‘ Journal Series Paper, New Jersey AgrieoHural Experiment Station, RutseraXJniversity, 
Department of Mior^iology. 
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as pigment production or growth, or in a complete destruction of the organism. 
Fungi treated with certain yeasts, for example, produced thick gnarled mycelia, 
without any conidia or pigment (Ciook et <d., 1941). The mechanism of disinte- 
gration of the hyphae ctf the plant-pathogenic fungus Bhizoctonia by tiie antago- 
nistic fungus Tridioderma, as well as by its specific agent gliotoxin, was studied 
in detail by Weindling (1934). The hyphae <rf the Rhizoctonia were killed in 
less than 10 hours, as was shown by a loss of the homogeneous i^pearance of 
the protoplasm and the vacuolate structure of the h 3 rphae. 

Stokes et at. (1942) reported that the antibacterial agents, pyocyanine, hem- 
ipyocyanine, and tyrothricin, also possess marked fungistatic properties. The 
fungi affected included the pathogenic forms Achorion schoenleiim, Trichophyton 
gypzeum, Mia-osporum gypseum, and Candida albicans, the first of these being 
the most sensitive, and the last the most resistant. Tyrothricin inhibited the 
growth of all four fungi in dilutions of 1:5,000 to 1:20,000. Pyocyanine was 
the least active of the three compounds, and hemipyocyanine the most active. 
Among the other antibiotic agents found to inhibit the growth of fungi, it is 
sufficient to mention actinomycin and clavacin. The ability of actinomycin 
to affect tile growth of CeratostomeUa ulmi could be partly inhibited or neutralized 
by the addition of pyridoxine, thus pointing to the possible mechanism of the 
fungistatic action of actinomycin (Waksman and Bugie, 1943). The marked 
fungistatic properties of clavacin have also been indicated (Waksman, Homing, 
and Spencer, 1942, 1943). 

In a study of the antifungal properties of streptothricin and streptomycin, 
two closely related antibiotic substances produced by actinomycetes, Robinson, 
,&nith, and Graessle (1944) demonstrated that whereas streptothricin has con- 
.ffl^derable activity against both patiiogenic and saprophytic fungi, streptomycin 
has very little effect against these organisms. 

A comparison has been made (Gei^r and Conn, 1945) of the bacteriostatic 
and fungistatic properties of certain antibiotic substances, notably penicillic 
acid and clavacin, that possess chemical properties siinilar to ketones. The 
.first of these had only slight antifun^ activity, but the second was very active. 

■ Certain synthetic unsaturated ketones were found to have even greater antifung^ 
properties titan clavacin. 


EXPBBIMBNTAL 

Different fungi are known to vary greatly in their sensitivity to tine same 
.antibiotic substance; it has also been establitiied that there is a marked variation 
in the activity (ff differ»xt substances i 4 )on the same arffousm. The purpose 
of this investigation was to compare the aeticrn oi various antibiotic sttitstanees 
upon several fungi, in ord^: to justify certain broad generaUiations. In an 
attempt to evaluate an antibiotic substance fixun the point bif view of its postibie 
use as a ch<nnotherapeutic agent, special oonsidemtion is also pven to the totioxfy 
of tixe substance to animals. A more toxic substance, evmi if it is tixanusteriasd 
by gpceater antifungal activities, may OSm* less as a ehsmotiiaiiliflfutie 

agent than another substanoe whidh is less toxic and also less active. 
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Methods, Two methods were used for the evaluation of the fungistatic effect 
and the antifungal spei^tnmi of an antibiotic^ substance: (1) the agar streajc 
or agar dilution method, and (2) the agar diffusion or cup method. 

In the agar streak metliod the antibiotic substance is addcnl, in different 
concentrations, to the agai* medium pla(‘ed in ordinary sterile petri dishes. 
Several, usually 2 to 5, test organisms are streaked on each jilate. Tlie plates 
arc incubated, at 28 or 37 (\ for 2-1 to 48 hours and records made. The 



Fi<;, 1. Sensitivity or Oiffekk.nt Fcnoi to an Antibiotic Si bstance, Illcstrated 

BY' THE Acar Streak Method 


amount of the substaiu^vs recpiired to inhibit compl(‘tely the growth of each test 
organism is taken as the end point ; the actiY'ity of the preparation is calculated 
on a unit per milliliter basis for one gram of the material. The i*atio of the 
volume of agar to the amount of the substance reciuired to inhibit a given test 
organism gives the numlier of antifungal units of a substan(*e. Figure 1 shows 
that fungi vary in their sensitivity to the same substance, since they are inhib- 
ited by diffei-ent concentrations of the substance. 

In the cup method the agar medium is inoculated with a single test organism, 
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and different dilutions of the substance placed in several cups, partly inserted 
into the agar. The zone of inhibition of growth of the test fungus is taken as 
a measure of the activity of the substance as compared with that of a standard 
preparation. Figure 2 shows that there is a direct proportion between the con- 
centration of the active material and the zone of the diffusion. Attention may 
be directed here to the two zones in each ring. The outer zoik' is the one that 



Fig. 2. Our Method for Testixii the FrNrasTATie Action of \v .\NTiBiOTir Substance. 
AS Shown ry the Fffect of Streftothrk in rcox 

TrK’HOPH YTON MENTAGitOPH YTES 

The diluti(»ns used are 1, 1 :5, and 1 :25 


is measured. The inner zone is dpe to tlu^ overgrowth by the surface^ mycelium 
of some portion of the iiiliibited zone. CeHain fungi, such as the pathogen 
Trichophyton inentagrophytcs^ can be readily utilized for assaying the fungistatic 
potency of various substances (Emmons, 1944) in a manner similar to the use 
of Staphylococcus aureus or Bacillus subtilis for testing the antibacterial potency 
of antibiotic sut)stan(*es. The results can also be expressed in dilution units 
by standardizing the results of the cup method against the agar streak method 
with the same organism. 



VNTIPUNGAL PROPERTIES OP ANTIBIOTIC Sl'BSTANCES 


589 


Test fungi. Four fungi pathogenic to animals and to man and four saprophytes 
were used in this study. Tlie first group iniduded Candida albicans, Trichophyton 
mentagrophytes 589, Trichophyton mcntagrophylcs 940, and Cryptococcus neo- 
formans] the second group comprised a strain of PenicilHnm lutcum-purpuro- 
gcnvm, Dernatium, Fusariurn, and Aspergillus clavatus. 

In (tarrying out the tests, two different media were used, namely, fungous 
(glucose iH*pt()ne salts) agar and onlinarv nutrient (meat -extract ])eptone salt) 
agar. 



Fir.. 3. Mkthoo of TKSTrN(; thf Phodi ction of an Antifvncjal Scbstantf by a Fhkshly 

Isolated Cri/rrRE 

In tlu‘ isolation from natural substrates of organisms that have the cajiacity 
of producing fungistatic substances, the agar streak method, similar to the one 
used in the testing of organivsms producing substances active against bacteria 
(Waksman and Horning, 1943) was used. The method is illustrated in figure 3. 

Antibiotic substances. Several antibiotic substances were used in this study. 
These substances varied greatly in chemical nature, in biological activity, and 
in the degree of their i)urification. Some, like actinomycin, fumigacin, gliotoxin, 
and clavaein, were crystalline preparations; others, like chaetomin, strepto- 
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thricin, and sti*ept.omyoin, were highly purified ))ut not as yet erystallizcid. Tlio 
antiba(‘terial aetivity of ea(‘h sul)Ktan(‘e can serve as a rc'lative measure of its 
respective antibiotic potency. 

Fungistatic action of antibiotic substances. In the following studies, known 
antibiotic* substances have becai used. The results obtained are presented in 
tables 1 and 2. The various substances used in these studies can 1)e arranged, 
on the basis of their relative fungistatic activity, in the following order, beginning 
with the most potent : gliotoxin, actinomy(‘in, clavacin, furnigacin, streptothricin, 
chaetomin, and streptomycin. 

Gliotoxin is fairly toxic to animals, })ut because of its extremely high 
fungistatic })ro})erties it deserves more detailed considc'ration. The antifungal 


TABLE 1 



Fundistaftr action of antibiotic 

.V a hs ta n cc s - p ro ph /// /r 

fungi 




Activity, unit 

s per grain 





II Ri VL A< ri\ m 

ri M< ILLIl M 


1 

VNJIHUHH. si BsrVN'f 1 1 


! 1 ni r\! i>i M Mil M ' 

M S\Hll M 

1 { I \\ \Tl S 


h rol i 

j H sub hits 

(.1 M M 

1 


! 


Fungistatic; activity. 

using fungus agar 



Actinoniyciii 



<.)CK).(KH) <5(M).(K)0 

<5(K1,(XK) 

,<5(X),(XM) 

(Mjaeloinin 


' 750, 000, (KK) 

; (HK) , < L(HM) i 

<4.(HX) 

1 <4.(K)0 

(IjlVJlClll 

l(K).0(K) 

2(K).(KK» 

25,0(K) , 15, (KK) ; 

25.(X)0 

; ;L(MK) 

Funiigaciu 

7,2(K) 

0(K),(KK) 

S.O(K) , 22,000 ' 

22, (KH) 

:L(hmi 

(Biotoxiii 

]5,(K)() 

1 2,tKK),()00 

0(K),CK)0 ' 

000. 0(K) 

i 2(H) (HH) 

Strc'ptoinycic 

; 125,(K)0 

j (i25,(KK) 

<45 , <45 ; 

<45 

< 

8treptothnc*iri 

! 1(K).(KK) 

1 

1 5(K),(KK) 

:L(MX) ; tLtXK) ' 

O.tXK) 

1 <00 


Fungistatic activity. 

using nutrient agar 



Sf ri'ploniycm 

i 125,(K)0 

! 025, (KK) 

; <J20 <120 ; 

<120 

j <120 

St rcptothriciii 

J(K),(K_K) 

! iVKI.iKHt 

1 

j 7,I(K) 2i»,(KH) 1 

4.S(X) 

I 2,1MH) 


* 21 houi’h’ inculKitioii at 2<S C 


activities of this substance vary gre*atly, quantitatively, with i’es])ect to the* 
pathogenic* as well as the saprophytic fungi. 

Actinomycin and clavacin are highly toxic* to animals, and the second is not 
(diaracterized by a very high activity as compared with gliotoxin. Both of these 
substances can, therefore, be eliminated from further consideration as fungistatic 
agents offering promise for chemotherajfieutic pui7)c)sf*s. 

The iumigacin used in these experiments was a crude preparation, having a 
slight admixture of gliotoxin, which may a(*(*cmnt for its limit ed antifungal prop- 
erties. Therefore, fumigacan can hardly be considered as offering muc*h promise 
for practical utilization. 

C'haetomin and str(*ptomyc*in were conijiletely inac*tive against fungi and can, 
therefore, also Ix^ eliminated from further consideration. 

Streptc:)thricin was found to possc^ss d(*finite fungistatic properties, and, since 
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this is not a veiy toxic compound, it should be considered further. It is of partic* 
ular interest to note that the two basic preparations used in this study, strepto- 
thriein and streptomycin, both of which possess similar chemical and antibac- 
terial properties, differ greatly in their antifungal activities: the second 
is completely inactive, whereas the first has some definite activity against 
fungi. These observations thus tend to confirm those obtained by Robinson, 
Smith, and Graessle (1944). 

The results of a survey of seven different antibiotic substances brought out 
the fact that only two of these, gliotoxin and streptothricin, merit conaderation 
for possible practical application. They were therefore selected for further 
study. 


TABLE 2 

Fungislatie action of antibiotic tubttances — pathogenic fungi 
Activity, units per gram* 




TBICHOPHYTON 

TBICHOPHYTON 

CBYPTOCOCCU8 

HEOTOIMANS 

ANTIBIOTIC SUBKTANCEt 

CANDIDA ALBICANS 

VENTAOKOPHYTES 

598 

MENTACKOPHYTEB 

640 


Fungistatic activity, using fungus agar 


Actinomycin 

<600,000 

6,000,000 

1,600,000 

1,500,000 

Chaetomin 

<4,000 

<4,000 

<4,000 

<4,000 

Clavacin 

3,300 

33,000 

26,000 

10,000 

Fumigacin 

8,900 

14,800 

8,900 

30,000 

Gliotoxin 

4,000,000 

6,000,000 

2,000,000 

>20,000,000 

Streptomycin 

<45 

<45 

<45 

<45 

Streptothricin 

<60 

4,500 

4,500 

12,000 


Fungistatic activity, using nutrient agar 


Streptomycin 

<120 

<120 

<120 

<120 

Streptothricin 

1,900 

2,900 

2,900 

19,000 


* 2 to 3 days’ incubation at 28 C. 

t The antibacterial activity of these preparations is given in table 1. 


Fungicidal action of anUbioUc substances. The fungpcidal action of antibiotic 
substances was determined as follows: 5-ml portions of nutrient broth were 
placed in 50-ml Elrlenmeyer flasks and inoculat^ with 2 drops of a sterile water 
suspension of the spores of the test fungus. The cultures were incubated, 
with frequent shaking, at 37 C for 1 to 3 days. The antibiotic agent was added 
in different conoaitrations. The cultures were furthw incubated and streaked 
on nutrient agar plates after 1, 3, and 7 days. The plates were then incubated 
at 37 C for 48 hours, and readings taken. 

In the first m^terunait, 3 antibiotic agents were used: fumigacin, 33.8 mg per 
ml; j^otoadn, 5 mg per ml; and streptothricin (1(X> units per mg), IQO mg per 
ml. The results obtahmd are present^ iil tabte 3. 

Gliotoxin proimd to be the most active fungicidal agent; when too low con- 
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centrations were used, there appeared to be a definite adaptation of the organism 
to the antibiotic substance, and an early destructive effect was later overcome. 
In the case of streptothricin, however, the fungicidal action appeared to be greater 
on continued contact of the agent with the fungus. 

The results of an experiment on the antifungal acticm of clavacin and synthetic 
ketones are presented in table 4. Acrylophenone was the most active agent. 
The antifungal properties of this phenone were compared with those of the two 
antibiotic substances, gliotoxin and streptothricin. The test fungi were grown 
in nutrient broth for 1 and 2 days, and the active substances added (table 6). 
Acrylophenone proved to be most actively fungicidal, followed by gliotonn. 
Streptothricin was the least active of the three. 


TABLE 3 

Fungicidal action of antibiotic substances 


ANTIBIOTIC AGENT 

MG PES 

5 ML 
CVLTUKE 

C. albicans 3147 

T. mentagropkyUs 598 

1 day 



3 days 

7 daya 

1 day 

3 days 

7 days 

Fumigacin 

3.4 

0+ 

0 

0 

0 

0 

0 

Fumigacin ... 

0.7 

trace 

4" 4" 4* 

-f4“4- 

trace 

0 

0 

Gliotoxin . . 

2.5 

0 

0 

0 

0 

0 

0 

Gliotoxin ... 

0.5 

0 

-1- 

-f -f-4- 

0 

0 

0 

Gliotoxin 

0.1 

-f- 

4*4-4- 

4-4-4“ 

0 

0 

trace 

Streptothricin 

50.0 


++ 

trace 

+4- 

4- 

4- 

Streptothricin 

10.0 

+++ 

+++ 

4- 

+4-+ 

4-4-4- 

“f-4- 

Alcohol 95%* 

0.5 ml 

++-f- 

+ 

4-4-4- 

4-4-4- 

0 

4- 

Alcohol 95%* 

0.1 ml 

•f4-+ 

+++ 

4-4-4“ 

4-4-4- 

4-4-4- 

4-4-4- 

Control 


+++ 


4-4-4- 

4-4-4- 

4-4-4- 

‘ 4-4-4- 


4-0 =*» no growth; + “ limited growth; 4’-f “ medium growth; 4*4-4- ** maximum 
growth. 

* The fungicidal activity of 95% alcohol was investigated because the fumigacin and 
gliotoxin were in 95% alcoholic solution. 

The antifungal properties of antagonistic organisms and of antibiotic sub- 
stances involve three distinct types of effect: (1) a lytic action, whereby the 
hyphae and the spores of the fungus are dissolved, the organism losing completely 
its ability to reproduce; (2) a fungicidal action, which is not necessarily accom- 
panied by lysis; (3) a fungistatic effect, the fungus not being killed, but being 
prevented from growing. The latter effect may be accompani^ by an abnormal 
development of the hyphae, which do not, however, lose the power of growth 
wd reproduction when placed under favorable conditions of cidture. A strong 
fungistatic effect, combined with limijbed injury to the tissues of the host, ap- 
pears to be most significant in any consideration of the chemotherapeutic poten- 
tialities of a substance. 
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TABLE 4 

Fungistatic action of unsaturated ketones on pathogenic fungi 


DILirriON UNITS P£K GXAM OF SUBSTANCE 


SUBSTANCE ^ 

Cfyptococcus 

neoformans 

Trichophyton 

mentagrophytes 

640 

Trichophyton 

mentagrophytes 

598 

Candida albicans 

Acrylophenone 

30,000 

>3,000,000 

>3,000,000 

30,000 

Benzalacetone 

16,000 

160,000 

160,000 

20,000 

Benzalacetophenone 

60,000 

>200,000 

>200,000 

20,000 

Furfural acetophenone 

6,000 

16,000 

20,000 

2,000 

Clavacin 

30,000 

30,000 

50,000 

<10,000 


TABLE 5 

Fungicidal action of antibiotic substances and of a synthetic phenone 


ANTIBIOTIC SUBSTANCE 

MO PEB 5 ML 
BBOTH 

1-DAY-OLD CULTUBES 
VIABILITY AFTEB TBEATMENT FOB 

2-DAY-OLD CULTUBES 
VIABILITY AFTEB TBEATMENT FOB 


2 days 

5 days 

2 days 

5 days 


Candida albicans 3147 


Gliotoxin 

0.5 

tr 

+++ 

tr 

tr 

Gliotoxin 

0.1 

+++ 

1 

+++ 

+++ 

+++ 

Aerjiophenone 

1.0 

0 

0 

0 

0 

Acrylophenone 

0.2 

+++ 

+++ 

-I-++ 

+++ 

Acrylophenone 

0.04 

+++ 

+++ 


+++ 

Control 

0 

+++ 

+++ 

+++ 

+++ 


Trichophyton mentagrophytes 598 


Gliotoxin 

0.5 

0 

0 

0 

0 

Gliotoxin 

0.1 

1 

tr 

tr 

tr 

Acrylophenone 

1.0 

0 ' 

0 

0 

0 

Acrylophenone 

0.2 

0 

0 

0 

0 

Acrylophenone . . 

0.04 

+ 

tr 

+++ 

+++ 

Streptothricin 

50.0 

tr 

+ 

+ 

+ 

Streptothricin 

10.0 

tr 

+ 

+++ 

+++ 

Control 

1 

0 

+4“ *4- 

+++ 

+++ 

1 +++ 


SUMMARY 

From the results of a study of the antifungal action of antibiotic substances 
produced by microorganisms and of certain ^mthetic compounds, the following 
conclusions may be drawn: 

(1) Antibiotic substances vary greatly in their antifungal effect. Some, like 
gliotoxin and actinomyoin, are very active, and others, like chaetomin and 
streptomycin, have very little activity. 
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(2) The selection of an antibiotic substance for chemotherapeutic purposes 
depends not only upon the relative activity of the substance but also upon its 
toxicity to animals. Hence, a substance like actinomycin, which is highly 
active but is also highly toxic, is eliminated from practical consideration, whereas 
a substance like streptothricin, which is not so active but also is not very toxic, 
deserves consideration. 

(3) Of seven antibiotic substances tested for their antifungal properties, only 
two were found worthy of consideration for practical utilization, gliotoxin and 
streptothricin. 

(4) The antifungal action of an antibiotic substance comprises both fungistatic 
and fungicidal effects. 

(6) Certain unsaturated ketones, to which some of the antibiotic substances 
belong, were found to possess very strong antifungal properties. 

The authors are indebted to Dr, Emmons, of the U. S. Public Health Service, 
for supplying the cultures of the pathogenic fungi. They are also indebted to 
Dr. W. Geiger, of this laboratory, for preparing the synthetic ketones and for 
carrying out some of the tests with these substances. 
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For many years attempts have been made to obtain cell-free enzjrme prep- 
arations from bacteria in order to extend our knowledge of their metabolism. 
Workman and Wood (1940) reviewed many of those attempts. The methods, 
generally, were too limited in scope and results could not be duplicated easily, 
or treatment was either inadequate or too drastic. No satisfactory method for 
obtaining cell-free enz 5 Tne preparations from bacteria was available until 
Booth and Green (1938) developed their stainless steel mill. By the use of 
this- mill, preparations were obtained from various species of yeast, Sarcina 
lutea, Bacillus subtilis, and Escherichia coU. Despite the success of the Booth- 
Green mill, it has two serious disadvantages: (1) expense and (2) use of metal 
surfaces for grinding. 

Wiggert et al. (1940) developed a method of grinding bacteria with powdered 
glass with equipment which was readily available, i.e., a ball mill to powder 
the glass, and a mortar and pestle to grind the cell-glass mixture and thus disrupt 
the cells. Using this technique, they obtained active preparations from E. 
coli, Aerobacter aerogenes, Citrobacter freundii, and species of Clostridium. The 
disadvantage of this method was that the grinding of the bacteria with mortar 
and pestle was done by hand. Thus the product was not uniform, and prepara- 
tions varying in activity were obtained. The method has, therefore, been 
further improved. It is the purpose of this communication to describe an 
adaptation whereby the bacteria, mixed with glass, are ground by being gently 
forced between two close-fitting, concentric, ground-glass cones, the inner one 
of which is rotated. This gives more uniform preparations of much greater 
activity. 


METHOD 

Growth and Harvesting of Organisms 

Large quantities of bacterid cells are required. Generally, 10 to 15 grams 
of cells (wet weight) are sufficient. With most organisms these amounts may 
be obtained by inoculating the organism into 10 liters of a suitable nutritive 
medium contained in a 12-liter pyrex flask. In this manner, depending on the 
organism and the medium used, 1.5 to 4.0 grams of wet cells are usually obtained 
per liter of medium. Satisfactory yields can also be obtained by growing the 
cells aerobically, e.g., on agar. However, cells grown on a solid agar me- 
dium seem more reastant to grinding and yidd weaker eniyme preparations 
than those grown in a liquid medium. For aerobic growth in liquid media, 
air is filtered throu{^ cotton, ocmducted throi^ glass tubing into t^ medium, 
and then passed through a firm, porous, ga8-d^>eramg stone at the bottom of 
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the medium. To prevent excessive foaming on strong aeration, a small amount 
of octadecyl alcohol, or paraffin, may be added to the medium before sterilization. 

The medium employed will of course vary with the nutritive requirements of 
the particular organism. The following medium has consistently yielded good 
crops of cells with coliform organisms: 1 per cent glucose (com or grape sugar), 
0.8 per cent K2HPO4 (technical grade), 0.4 per cent Bacto peptone or yeast 
extract, and about 10 per cent tap water (if distilled water is used as diluent). 
The medium is sterilized at 16 pounds’ pressure. The solution of phosphate in 
tap water is sterilized separately. This procedure decreases the caramelization 
of the sugar. 

The inoculated medium is generally incubated for 18 to 24 hours; thus a good 
crop of relatively young, active cells is obtained. Yoimg cells are to be preferred 
since they are more active. The cells are harvested by centrifugation in a 
Sharpies supercentiifuge run at about 35,000 revolutions per minute. Cells 
which are allowed to grow for 36 and even 48 hours still yield active preparations 
on grinding. The cells may be washed and recentrifuged, if desired. In most 
cases washing is not necessary, since the endogenous activity of the bacterial 
juices obtained by grinding is negligible. 

The wet bacterial cell paste may be stored for 24 hours if kept in a humid 
atmosphere at low temperature. 

Mixing with Glass 

Small pieces of pyrex glass are cleaned, dried, and placed in a ball mill for 
powdering. With large pebbles or stones, 24 hours usually suffices for proper 
powdering. If the mill contains steel balls, the powdering is generally accom- 
plished within 1 to 4 hours. With new steel balls the first two or three batches 
of ground glass may have a slight grayish color, and may therefore have to be 
discarded. After that, no trouble is encountered. 

The powdered glass is then passed through a set of sieves which prevent glass 
particles passing larger than 0.5 mm in diameter. The average size of the glass 
particles should be about 2 microns. It is advisable to wear a dust mask during 
the transfer of the glass from the ball mill to the sieves and also during the 
sifting process. 

The cell paste (as obtained from the Sharpies centrifuge) is mixed with the 
powdered glass. To every gram of wet paste 2 grams of groimd glass are added 
and the resulting glass-paste is mixed thorou^y until it resembles a rather 
firm batter. The consistency of the mixture is important; if the glass-paste 
mixture is too fluid, the grinding process will be ineffici^t and the resulting 
enzyme preparations weak. On the other hand, if the mixture is too stiff, it 
may slow down the rate of rotation of tiie inner cone or stop it altogether. It is 
difficult to describe the correct consistency of the glass-paste mixture, but alter 
thorou^ mixing with a spatula the paste diould show the path of the spatula 
for a short time but not permanently. To thicken the mixture add a ffinaD 
amount of glass, or to thin it add several dn^ of distilled water or phosphate 
buffar, and mix thoroughly. The ratio of two parts of glass to one of paste can 
be raised somewhat without reducing the activity. 
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SevenJ experiments were carried mit to determine the effect of varying the 
ratio of pdste to glass on the activity of the enxyme. Ratios of wet bacterial 
cells to glass of 1 :8, 1 :5, 1 :3, and 1 :2 were tried. It was found that the activity 
of the ensyme obtained after grinding increased as the proportion of glass de- 
creased in the order listed, and the optimum ratio for grinding was found to be 
1 :2 of bacterial cell paste to powdered glass. 

Experiments were also conducted to determine the comparative values of 
glass and carborundum (alloxite brand powder, no. 1000 and finer) as grinding 
i^ents in obtaining active preparations. Generally, under several sets of con- 
diticms, powdered glass was found to be superior in yielding active preparations. 



Fio. 1. Bactebia Gbindeb 

A « Inner cone 
B Standard taper glass cone 
C "• Glass tube 
D Plunger 
E -• Rubber stopper 
F >■ Metal tubing 
G — Rubber tubing 
H Motor rotating shaft 

Description of Apparatus and Process 

The grinder consists of two close-fitting, concentric, groimd-giass cones 
mounted in a horizontal position (figure 1). The inner cone (A) is rotated 
steadily by an attachment to a motor which is geared down to approximately 
150 revolutions per minute, whereas the outer cone (B) is held in a ^ed position. 
Ilte motor must be rather powerful, so that the shaft cannot be easily stopped 
with tlie hand. A flexible connection between the inner cone (A) and the hori- 
zontal rotating shaft of the motor (H) is desirable to achieve intimate' contact 
between tiie two ^und-glass surfaces with much less danger of breakage. 
This flexible connection is obtained by inserting a short piece of rubber tubing 
(G) over the rotating shaft of the motor and wiring it tightly in place. A short 
ideoe (d metal tubing (F) seerves as the connection betwemi the rubber tubing 
(G) and the rubber stopper (E) inserted in the opm mid of the inner ground- 
g^aas cone (A). If (F) contains a small hole near eadi end, the connections 
between (G) and (F) and (E) may be xnade secure by forcing a nail through the 
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inserted parts. The outer cone consists of a glass tube (C) sealed to a standard 
taper glass cone (B) which is ground to fit the inner cone (A).‘ 

The glass-paste mixture is inserted in the open end of (C), and the tube is 
filled. The inner cone is filled with crushed ice and attached to the motor. 
The inner and outer cones are then joined, the motor started, and the cell-glass 
paste is slowly forced between the rotating, ground-glass cones by means of a 
plimger (D) fashioned from a rubber stopper. A slight but steady pressure 
with the hand against the fixed cone forces the grinding surfaces more closely 
together and aids the grinding process. The speed of the motor is conveniently 
controlled by means of a rheostat. The extruded material is caught in a beaker, 
surrounded by crushed ice, directly underneath. 

The cell-glass paste may be ground twice, if necessary. It may be necessary 
to add a small amount of glass at the end of the first grinding. Extended grind- 
ing of the bacterial cells should be avoided, for this results in inactivation. 

The ground material, kept cold, is extracted by thoroughly mixing it with 
cold dilute phosphate buffer. In some cases distilled water has been success- 
fully used. One and five-tenths milliliters, or less, of buffer or water are added 
for every gram of bacterial paste originally employed. The extraction time 
does not have to be extended; after thorough mixing, ten minutes of contact 
between the ground material and the extract buffer are generally sufficient before 
centrifugation is started. 


Centrifugation 

The glass is thrown down by centrifugation for five minutes on an International 
or angle centrifuge at approximately 3,500 revolutions per minute. The super- 
natant liquid is further clarified by centrifuging the cells and cell particles in 
an air-driven Beams “spinning top” ultracentrifuge (Beams, 1930; Beams 
et al., 1933). This centrifuge can be constructed at low cost by any competent 
instrument maker. The centrifugal force developed depends largely on the 
rotor diameter and the pressure of air used for driving the rotor. With a rotor 
of approximately 3-cm diameter containing 4.5 ml of liquid at an air pressure of 
60 to 64 pounds, the centrifuge reaches an estimated speed of 75,000 to 100,000 
revolutions per minute. The cell fragments are deposited on the wall of the 
rotating cup, and the clear liquid is removed from the center of the cup by means 
of a capillary pipette. With most preparations centrifugation for 10 minutes 
yields a clear juice. The centrifugation period varies from 5 to 30 minutes, 
depending largely on the degree of clarification desired and the liquid used in 
extraction. In general, water extracts clear more slowly than phosphate ex- 
tracts. A Beams centrifuge is not essential for the production of the juice. 
With reasonable care in cooling, any good centrifuge will sufficiently clarify most 
of the bacterial extracts. It should be emphasized l^t the bacteriid preparation 
^ould be kept ice-cold at all times after the gruuting process is completed. In 

* Cones of thick gloss, built to specifications from standard taper joints, are obtainable 
from the Scientific Glass Company, Bloomfield, New Jersey. 
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addition, it is desirable to complete the centrifugation of the juice immediately 
after extraction. 

The final bacterial extract is a clear, yellow-brown liquid, slightly viscous 
and opalesceut. 


EUCPEBIMENTAL 

Cell Counts of Enzyme Preparations 

The preparation is not entirely free of bacterial cells because of difficulties 
of removing the juice from the centrifuge cup. Since in most cases the prep- 
aration contains considerable niunbers of viable cells, it is necessary to determine 
(1) the number of viable cells able to cause appreciable activity under standard 


TABLE 1 

NunAers of viable organisms necessary lo cause acid and gas production on respirometer 


KU1CBF.S OF 
OKGANISUS 


inCXOUTEKS COi EVOLVED XN 


(plate count) 

X 10* 

O-SO min 

30~60 min 

60-90 min 

90-120 min 

120-150 min 

none 

32 

20 

20 

16 

17 

375.0 

27 

213 

312 

263 

147 

187.5 

26 

125 

173 

236 

220 

93.75 

40 

48 

53 

75 

68 

46.88 

26 

37 

45 

54 

56 

23.24 

30 

23 

23 

24 

24 

11.62 

35 

23 

34 

31 

31 


Juice prepared from Aero6ac(er indologenes. Suspension of unground cells made up to 
various dilutions and added as indicated. Each vessel contained bacterial juice, 0.6 ml; 
glucose, 0.065 m; hexosediphosphate, 0.03 m; NaHCOi, 0.05 m; total volume, 2.0 ml; atmos- 
phere, COj; temperature, 30.4 C. 


conditions and (2) the part of the activity of the bacterial juice caused by the 
presence of living bacterial cells. 

A juice was prepared from A . indologenes to which were added known numbers 
of organisms to determine the least number causing an increase in activity. 
The juice was added to make conditions analogous to those actually encountered. 
An aliquot of the suspension was plated on nutrient agar and the approximate 
number of viable cells added to the Warburg vessel was determined. The 
mq>eriments of table 1 show that approximately 45 million cells were required 
per cup (containing 2.0 ml total volume) before an appreciable increase in activity 
was noted in 150 minutes on tbe respirometer under the experimental conditions. 
It will be noted that in all cases when an effect is observed, the activity is shown 
to increase progresmvely. In no case has this effect been apparrait with the 
bacterial «u!yme preparation. f 

To determine the ^ect of numbers of bacteria present on the activity of the 
eni^me preparation, a juice obtiuned from E. oM was given varying centrifugal 
treatanent and thw tes^ for activity and the number of viable detinmined. 


@00 OEOBOS KAENITSKT, M. F. tTTTEB, AND C. H. WBBKMAN 

It was found that two diffeient batches of the same enzyme preparation containing 
from 198,000 to 270,000 and from 12,000 to 24,000 organisms per 0.6 ml, respec- 
tively, had very similar activity when tested on the respirometer (table 2). 

Since approximately 45 million cells had to be added to effect an appreciable 
increase in activity on the respirometer (table 1), it is apparent that the activity 
of the enzyme preparation was due to the cell-free material present. Further- 
more, with careful handling the cell count of the juice can be kept well below 
50,000 per ml. The slight decrease in the activity of the juice on extended 
centrifugation was probably due to the removal of additional particles and debris 
from the liquid. 

It has been determined previously (Wiggert et al., 1940) that filtration of the 
juice through Seitz, Chamberland, or Jena glass filters resulted in complete 


TABLE 2 

Effect of number of bacteria on activity of enzyme preparation 


ACTIVITY to. COi PEK HI 

AVEKAGE Ml' COs PER HR 

ORGANISMS PER 0.6 MX. OP JUICE 

loiol 

11101 


1060 

198,000-270,000 

10601 


1060 


9361 



10281 

10121 


992 

1 

12,000- 24,000 

8681 


847 

1,800- 18,000 

827J 




Juice prepared from Eecherichia coli. Organisms determined by plate count, after suit- 
able dilution of juice. Each vessel contained bacterial juice, 0.6 ml; glucose, 0.04 m; hex- 
oeediphosphate, 0.03 m; NaHCOg, 0.06 m; total volume, 2.0 ml; atmosphere, CO 2 ; time, 1 
hour; temperature 30.4 C. 

inactivation of the preparation. The behavior of the glass-ground juice on 
filtration has not been studied; however, Lee et al. (1942) report that they were 
able to pass an Azotobaeter extract, prepared in this manner, through Berkefeld 
N or Mandler 15 filters. 

Effects of Treatment on Activity of Preparation 

The eaeyme extract can generally be kept frozen for 4 or 5 days with no appre- 
ciable loss of activity, and for a period of weeks with only gradual loss of activity. 
In many cases, it was found feasible to dry the bacterial juice by placing the 
extract in a flat dish in a desiccator containing CaCU and applying a high vacuum. 
This method furnishes a product which can be conveniently stored and used 
as needed. The powder may be stored for at least 4 weeks without appre- 
ciable loss of activity, at least with regard to the enzymes concerned in the 
Embden-Meyerhof-Pamas scheme of carbohydrate dissimilation. The enzymes 
concerned in the anaerobic dissimilation of pyruvate are completely inactivated 
on drying. Whffli the extract is frozen prior to drying, however, there is no 
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loss of activity in preparations tested after 24 hours. The enzymes formic 
ddiydrogenase and hydrogenase present in extracts of E. cdi are relatively 
stable. They can be reduced to a powder by freezing and drying in vacuo and 
resuspended in water with no appreciable loss in activity. After having been 
kept in the dried form for almost two months, these two enzymes still retained 
the greater part of their activity. 

Other methods of obtaining a dry powder were less successful. Precipitation 
with acetone or ammonium sulfate gave powders with much reduced activity 
when tested on pyruvate or glucose without further addition of coenzymes or 
other substances which might have been removed by the treatment. 

DISCUSSION 

The method described has been used successfully with more than ten bacterial 
species and seems very generally applicable. No attempts have been made 
to apply the method to the study of pathogens but a few simple changes in the 
apparatus should make this use feasible. 

In application of this method to the preparation of extracts from as yet untried 
bacterial species, it cannot be overemphasized that constant experimentation 
will be required to obtain successful results. In particular, the conditions of 
growth of the ceils are important, e.g., age, medium, and temperature. Best 
results have been obtained with young cultures, and it seems probable that a 
maximum crop of cells will not yield so active preparations as those from cultures 
which are still growing. 

Several improvements could easily be made in the construction of the glass 
mill. The method of introducing the cell-glass paste is somewhat inconvenient 
and could be improved by introduction of a geared pressure feed. The method 
of obtaining pressure upon the cones by using the hand during the grinding process 
could be improved by the introduction of a pressure system which would exert 
a constant force. 


SUMMARY 

A semimechanical adaptation of the glass-grinding method for the preparation 
of bacterial cell-free extracts is described. The method involves the passage 
of a paste of bacteria and powdered glass between concentric cones of heavy 
glass. The inner cone is revolved by a motor while the outer cone is held firmly 
in place. After grinding, the resulting paste is extracted with buffer solution 
or water and the extract freed of glass, intact cells, and cell fragments 
by centrifugation. 
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Febrile disease associated with inflammatory lesions in the lining of the heart 
is properly designated as endocarditis. Most of our precise information con- 
cerning this group of disorders has been obtained by anatomical studies beginning 
at the necropsy. Two etiological types of endocarditis have thus been rec- 
ognised, the bacterial and the nonbacterial, but even this distinction has re- 
mained somewhat indefinite. In the group of diseases included under the title 
of bacterial endocarditis various microbes have been recognized, but there 
has been no very great incentive to study the bacteria in detail because, until 
very recently, the outlook for life of the patient has been regarded as practically 
hopeless in any event, and the identification of the bacterial agent and detailed 
knowledge of its nature and peculiarities were relegated to the field of academic 
interests. Thus Peny (1936) in his monograph tabulated 1,000 cases of well- 
authenticated bacterial endocarditis, reported in the literature from 1899 to 
1933. The bacteria concerned included 16 or more varieties. Even so the 
streptococcal infections were all included under four captions, (1) Streptococcus, 
(2) Streptococcus haemolyiicus, (3) Streptococcus nonhaemolyticus, and (4) Strep- 
tococcus tdridans. Evidently there has been very little interest in attempt- 
ing to recognize different types within the viridans group. In this table there 
is no mention of Streptococcus fecalis (enterococciis), for example, although the 
occurrence of this organism as the infectious agent in bacterial endocarditis 
is clearly recognized by Lloyd-Jones in the chapter on experimental endocarditis 
included as an appendix in this same volume. More recently, however, the 
accumulation of information concerning anti-infectious agents has greatly in- 
creased the hope of successful therapy in bacterial infections of the blood stream 
and even of those in which there are bacterial foci in the endocardium. A 
more intimate study of the bacteria concerned and especiafly a study of their 
susceptibility and reastance to the various available anti-infectious agents may 
be expected to be of scientific interest and also of practical value as a guide in 
the attempt to overcome the infection. 

Bacteriological study in a case of aadocarditis is initiated by taking specimens 
of blood for culture. It is wise to take at least three such q)ecimens on successive 
da 3 rs and preferably at different hours, without awaiting the result of the first 
culture. Liquid and solid media should be inoculated with measured amounts 

^ Aided by grants 522 and £23 of the Conunittee on Therapeutic Research, Council on 
Pharmacy and Chemistry, American Medical Association. 

Presented before the New York Section, Society of American Bacteriologists, December 
28, 1944. 
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of tile citrated blood. If the patient has already received antibacterial treat- 
ment, the proper inactivating agent should be used in the cultures. When 
bacterial colonies have appeared, it is well to pick several of these for comparative 



Fig. 1, Ti^ Effect of Penicillin in the Test Tube upon Cultures of the 13 Bacterial 
Strains of the Salivarius Group 

The double circle indicates “bactericidal effect.’* For example, the M.F. strain of 
Streptococcus salivarius inoculated into broth containing penicillin, 32 units per 100 ml of 
medium, failed to cause any perceptible clouding of the medium after 18 hours at 37 C, 
and the transfer of 0.1 ml from this tube to a fresh culture tube failed to produce any visible 
growth in 24 hours. In a primary culture containing 0.5 units penicillin per 100 ml of 
medium, the strain M. F. faued to produce a perceptible cloud in 18 hours, but the transfer 
from this tube to new medium did give rise to positive growth. This “bacteriostatic effect’^ 
is everywhere indicated by the single hollow circle. In a similar way the quarter black 
indicates slight turbidity (“marked inhibition”) in the primary culture, as for example in 
strain A. D. at a concentration of 2 units per ml. The three-quarters black indicates more 
pronounced growth in the primary culture but less luxuriant than the control, designated 
as “slight inhibition.” The solid black circle indicates “no inhibition,” or growth in the 
primary culture not distinguished from that in the control tube without penicillin. It will 
be not^ that all these salivarius strains were inhibited in their growth to some degree by 
as little as 1 unit of penicillin in 100 ml of the culture medium. 

study and identification. The subcultures may then be tested for their ability 
to ferment various carbohydrates, for their susceptibility to the lytic action of 
bacteriophages and to the bactericidal and bacteriostatic action of pemciUm, 
and Biso for the bactericidal and bacteriostatic effects of various chctnical agrats. 
During the past year we have examined the positive blood cultures of 36 
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patients with bacteiial endocarditis. Of these there were 13 culture strains 
classified, according to carbohydrate fermentations (Bergey et al., 1939), as 
Streptoeoecua adlwal!^, 7 as Streptococcua'equinua, 6 as Streptococcua faeealia 
(enterococcus), 3 as Streptococcua bovia, 2 in the viridans group unspecified, 2 in 
the micrococcus group unspecified ; 1 was recognized as Staphylococcua aureua and 



Fio. 2. Ths Effect of P£Nicua>iN upon Cultubbb of the 6 Strains in the Faecaus 
(Entebococcus) Group and the 7 Strains in the Equinub Group 

Penicillin failed to show a “bactericidal” effect, even in a concentration of SOO units per 
100 nd of medium, upon any of the faecaiis strmns and was not inhibitory at all in a con- 
centration of 32 units per 100 ml. In contrast the ^uinus strains ail showed the “bacteri- 
cidal” effect in a penicillin concentration of 32 units per 100 ml, or less, and all revealed 
some inhibition in a concentration of 1 unit of penicillin per 100 ml of medium. Strains K. 
T. and M. V. were remarkably sensitive. 

1 as an actiii<nnyees, des^piated as Actinomycea aepticua, n.sp.; and 1 gram- 
negative rod of undetermined species was found. 

The organisms classed in tiie sativatius group were sraiBitive to penicillm in 
a concentration of one unit in 100 ml of culture medium. In one instance, 
stiain J. D., the penicillin in a ccmcentiation of 0.5 units in 100 ml of culture 
medium exerted such a germicidal effect that, after mqposure for 18 hours, 
tbe subculture failed to grow. In two otber instances, M. F. and P. F., this 
aaiouiit of penieilfiu exerted a cmnplete bacteriostatic effect. These three 
patients, J. D., M. F., and P. F., are still living, and in them the infection appears 
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to liave beoi arrested. The equinus group (Koitains only 7 strains and these 
seoned to be at least as susceptible to the penicillin. 

In marked contrast was the behavior of the 6 strains in the faecalis group. 
None of these showed any evidoice of growth inhibition by penicillin in a con- 
centration 32 units per 100 ml of culture medium, and none succumbed to 
a germicidal effect of penicillin even in a concentration of 500 units per 100 


PENICILLIN UNITS PER 100 ML 
800 280 128 63 32 16 8 4 2 1 0.8 

— I 1 — — I 1 1 r—" T I 1 1 1— 

BOVIS MF ® O— 

BOVIS RR ®— O— ® 
® O— (5— • AS BOVIS 

VIRIDANS CR © 
VIRIDANS LC © O © © 


MICROCOCCUS DW ©" 

MICROCOCCUS OZ © O 

S. AUREUS CS ® O — O — 9 

JR ® O ACTINOMYCES 


Fio. 8. Th£ Evitect of Penicillin on 9 Miscellaneous Bacteeial Strains from the 
Blood of Patients with Endocarditis 

Note that none of these strains was so resistant as those in the faecalis group. The 
bo vis strain A. S. was the most resistant of this assortment, showing no inhibition of growth 
in a concentration of 8 units of penicillin per 100 ml of medium. The viridans strain C. E. 
was most susceptible, showing the * 'bactericidal” effect in a concentration of 0.5 units of 
penicillin per 100 ml of medium. Note that the 8iaj>hylococeus aureus, C. S., was rather 
susceptible, and the actinomyces, J. E., rather resistant. The patient C. E. is dead; 
patients C. S. and J. R. survive. 


ml. These strq)tococci in the faecalis group were foimd susceptible to lysis by 
bacteriophages available in our laboratory collection. 

In the miscellaneous group, the organisms designated as Streptococcm bovis 
were variable in their behavior toward penicillin, and even the susceptible strain 
R. R. was still found in the aortic vegetations at necropsy. One of the un- 
^)ecified viridans strains, C. R., was extremely sosceptiUe to the actum of 
poudllin even in a dilution at 0.5 unit per 100 ml of culture medium, but never- 
theless tins organism was also present in the amtic v^sstations at neorc^Mfy. 
On the other hand, tire Staphylocoecue aureus, C. S., and the ^.(^uiomyoss tepUcm, 
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J. R., were isolated from patients who have survived. Evidently susceptibility 
of the bacteria to the available therapeutic agents is a matter of importance 
but not the only factor in recovery of the patient. 

The bacteriostatic effect of neoar^henamine also proved to be vmiable, 
but there was no distinct difference between the faecalis group and the equinus 
group or the salivarius group as a whole. Partial inhibition of growth by 0.05 
mg in 100 ml of culture medium was observed in two instances, stnun L. C. in the 



Fig. 4. The Errsor of Neoarsphenauine and op Sodiitu Bismuth Thiogi.tcoli.ate 
(Thiobismol) on Cultubeb or the 13 Sauvariub Strains 
The arsenical preparation exhibited slight inhibition in a concentration of 0.05 mg per 
100 ml of medium against only one strain . L. C. The bismuth preparation was on the whole 
more effective and was almost unbelievably bacteriostatic in a dilution of 0.001 mg per 100 
ml of medium against strains A. D. and P. F. 

salivarius group and strain M. F. in the bovis group. Variation in the behavior 
toward bismuth in the form of thiobismol (sodium bismuth thioglycollate) 
was more marked. There was a germicidal effect in a dilution of 0.01 mg per 
100 ml of medium for some strains (A. D., K. T., and R. R.) and for one strmn 
(C. R.) in a concentration of 0.001 mg per 100 ml of medium. In other instances 
(stnuns J. p. and C. Z.) a concentration as great as 1 mg per 100 ml of medium 
was found to be without recognizable bacteriostatic influence. These differences 
are of considerable magnitude and should be taken into account in planning the 
antibacterial treatmoit of patients. 

The posiEAile developmoit of drug fastness during the course oi treatment is 










Fig. 5. The Effect of Neoarsphem amine and of Thiobismol on the 6 Strains op the 
Fascalib Group and the 7 Strains of the Equinus Group 


On the whole the faecalis group is evidently more resistant, but nevertheless one strain, 
F. N., was completely inhibited by 0.001 mg thiobismol in 100 ml of medium. 



Fig. 6. The Effect of Neoabsphenamine and of Thtobismol on $ MiecELDANEOUS 
Strains of Bacteria vmou the Blood of Patients with Endocarditis 
There are considerable diH^erences among the strains, even among the three classed in 
the bovis group. 
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a matter not yet completely elucidated. When there has been favorable clinical 
response to treatment cS an infection followed by relapse during continuation 
of the same therapeutic prcqpam, one suspects that the infecting microbe may 
have acquired a tolerance for the drug. Acquired microbic resistance of this 
sort has been dononstrated in a convincing manner for trypanosomes in rats 
and mice. In the study of acquired drug fastness by streptococci causing endo- 
carditis there have been certain difficulties, particularly when the observations 
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Fio. 7. Laboeatobt Tests or Bactebial Stbains Isolated fbou the Blood of P. M. 

ON Febbcaby 1, Mabch 21, July 21, and July 31 
The results of the original first testing are shown with heavy lines, and the subsequent 
tests upon subcultures of the strains are shown by thinner lines. Note that the strains of 
February 1 and July 21 were resistant to penicillin and susceptible to bacteriophages, 
whereas the strain of March 21 was very susceptible to penicillin and wholly resistant to 
bacteriophages. The strain of July 31 seemed to be intermediate. 

have been made only on the human disease. For example, in our patient P. M., 
now in the arrested stage of endocarditis, the bacteria obtained from the 
culture of February 1, 1944, required 500 units of penicillin per 100 ml of culture 
medium in order to inhibit bacterial growth, and these same bacteria were com- 
pletely lysed by the enterococcus bacteriophage. A subsequent blood culture 
taken on March 21 yielded a streptococcus completely resistant to bacteriophage 
but susc^tible to penicillin, so that 0.5 imit of this agmit in 100 ml of culture 
medium was not only bacteriostatic but bactericidal for tiie organism. A few 
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mcmtiis later a blood culture taken on July 21 yielded streptococci completely 
susceptible to the bacteriophage and resistant to penicillin. Somewhat similar 
variations in the character of the str^tococci obtained in serial blood cultures 
have come to light in the study of other patients. 

Observatioos of this sort challenge further investigation. Possibly the advoat 
of the new bacterial type may be due to (1) gross technical error permitting 
the introduction of a foreign contaminant, (2) the temporary invasion of the 
patient's blood stream by the new streptococcus from a mucous surface, (3) 
the original pres^ce of a double or multiple infection of the blood stream per- 
mitting the isolation of one bacterial type now and another later as the result 
of mere accident of subculture sampling or perhaps because of total or relative 
suppression of the earlier dominant tsrpe, (4) actual microbic variation in the 
descendants of a single bacterial cell, or (5) factors which still transcend our 
imagination. From the practical viewpoint in the selection of anti-infectious 
therapeutic agents, the careful study of the positive blood cultures obtained 
during the course of treatment would seem to offer helpful information. 

StnUMART 

Detailed study of the bacteria isolated from the blood stream in endocarditis 
has come to be of practical significance sin(» the infections in this category need 
no longer be summarily dismissed with a hopeless prognosis. 

Use of ordinary morphological and cultural procedures, including the fer- 
mentation of oarbcdiydrates, suffices to place these bacteria in various recognized 
groups. 

The tests for resistance against biological and chmical anti-infectious agents 
permit the reception of some remarkable differences in the culture strains 
and thus ud in determining the therapeutic program. 

The enterococcus (Streptococcus faemlis) group is sharply distinguiiffied by 
relative resistance to penicillin, but remarkable susceptibility to bacteriophages. 

The question of acquired resistance to anti-infectious ag^ts (drug fastness) 
requires further study. 
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The poeeibility that natxirally occurring compounds showing pronounced anti- 
biotic activity may be discovered in common plants offers an intriguing possi- 
bility for economical production of substances of interest and importance. 
During the summer of 1944 it was possible to collect and test substances from a 
number of plants in Indiana. It is the purpose of this report to give the details 
of this preliminary survey. 

Osborn (1943) reported the results of examination of 2,300 samples from 
English plants and concluded that members of the Ranunculaceae offered most 
promise.' Pederson and Fisher (1944) studied substances, in the juice of cabbage 
and other vegetables, which were active against gram-negative bacteria. Caval- 
lito and Bailey (1944) demonstrated cysteine inactivation of active principles 
of various plant species. Lucas and Lewis (1944) reported preliminary results 
of a systematic survey of members of families of higher plants. 

KXFEBIMENTAL 

One or more samples of approximately 120 plant species were collected, mostly 
in Monroe County, Indiana, and transported to the laboratory in the usual eco- 
logical collection boxes. For the majority of specimens, the testing was done 
immediately or within 24 hours. When not used at once, the samples were 
refrigerated until time for testing. The exact list of species will be given later, 
but in the survey an attempt was made to include as great a variety of samples 
within the classification system as possible, yet some thought was given to the 
availability or ease of production of the species to be tested. Certain specimens 
were included because of previous interest, folklore or otherwise, in the medic- 
inal value of the species. Deam (1940) was used as the authority for assign- 
ment of names of species, etc., except for a few cultivated varieties. 

For testing, the juice of the specimen was expressed, without use of solvents, 
from the plant tissue by means of a Carver hydraulic press. Even in plants 
which were not especially succulent sufficient juice could be obtained by this 
method to supply the small amount needed for assay. The expressed juice was 
placed inunediately, by means of a clean Wright pipette, into glass cylinders, 
as hr the fruniliar Oxford cup (Abraham d d., 1941) for assay of penicillin. 
The samples were placed in duplicate cups; one cup was on agar seeded with 
spores of BacUkts ntUUia in approximately the conemtration specified by Foster 
and Woodruff (1944). The second cup was on agar seeded with an 18-hour 
nutrient l»oth culture of E$cheridm colt. The medium was the nutrient agar 
BUf^sted by Sdimidt aud Moyer (1944) and the incubatitm tonperature was 

«l 
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30 C. The results were usually observed at the end of 14 to 16 hours; a Quebec 
counter magnifying lens was used to improve accuracy in the measurement of 
tile sones of inhibition or stimulation. 

BBSUnTS 

It is evident that many of the species showed some antibacterial substances 
for one or both of the test organisms. An additional group of plants, in contrast 
to these, produced a marked stimulation of the bacterial cultures as shown by a 
KHie of more luxuriant growth in the region of the cup in compmison with that 
on tile edge of the plate. Other samples showed no activity. For conveni^ce, 
the exact values have been converted to the following S 3 mibol 8 : 

S « zone of stimulation 

0 = no activity 

+ == inhibitory zone, 12.0 to 15.0 mm 

++ “ inhibitoiy zone, 16.1 to 19.9 mm 

++•+• =* inhibitory zone, 20.0 to 24.9 mm 

* inhibitory zone, 25.0 to 30.0 mm 
*' zone definite but inhibition incomplete 

The i^mbol or symbols before the slant line (/) in the list indicate the results 
unng B, tfubtiUs’, and the symbols alter this mark refer to activity for E. coK. 
In the majority of cases the values for duplicate samples (specimens coUected 
at different dates or several specimens of the same species collected on the 
same date at different staticms) confirmed the value obtained for the first sample 
tested. These have not been indicated, but in the cases of disagreement be- 
tween duplicate samples the range of values is shown. Similarly, when various 
porticms of the plrmt were tested separately, the results have been comlnned 
uhless different values were obtained. 

The following list shows the plants collected and the results obtained :(1) 
acantbaceae: Dianthera amerieana (dense-flowered water willow) — 0/0. (2) 
acebaceae: Acer negundo (box elder) — 0/0. (3) ALimzACEAE: Sagittaria sp. 
(arrowleaf)— 0/S, 0. (4) anacabdiaceae: Bhua copaUina (shining sumac) — 
0/S; R. glabra (smooth sumac) — 0/0; R. typhina (staghorn sumac) — 8/8. 
(6) ANONACEAE: Agimina trilcba (papaw) — 0/0. (6) apoctnacbae; Vinca 

minor (periwinkle) — 0/0. (7) araceae: Arisaema triphyUvm (jack-in-fhe- 
pulpit) leaves, stem, green berries — S/S; Symphcocrpua foeUdue (skui^ cabbage) 
leaves— 0/0, green fruit — 0/+. (8) ascI/Bpiadaobab: AmpeUmtu dOndua 
(bluevine)— S/S; Aadepiaa verticUlata (horsetaU milkweed) — 0/0. (9) balsa- 
ionaceae: Impatiena paUida (touch-me-not) — S/S. (10) biononiaceab: 

Campaia radicana (trumpet creeper) — 0/0. (11) capbitolucbae: Sambueua 
cdnadmna (elderberry)— 0/0. (12) cblabtbaceab; Celaatrua aeandem (bitter- 
sweet) — 0/S, 0; Evonymua atropurpureua (wahoo) — 0/0. (13) oOMTOStTAB: 
Andfroda datior (common ragweed) — I- ++,++, 0/4- ++,0,8 5 difida 

ragweed) — 0/0; Ardiim minua (burdock) leaves, flowers, stei)Dr-+++, 
++/8H'+,‘ Cadia auamiena (Indian plantain)— S/-f,+++; Cidmiwn tii- 
^f6t(S (^doory) — 1-/+,0; Cirakm arrniae (Canada thistie)— O/O; €. diaedor 



AltTIBACnSBIAL 8UBSTANCSSS VBOM INDIANA PLANTS 


613 


(field thistle) — S/0; Eupatorivm 'perfolioAum (boneset) — 0/0; E. purpureum (joe- 
pye weed) — hV+*» Oalinaoga (diata (quickweed) — 0/0; Hdiantkus moUit 
(ashy sunflower)— ++/0; H. iiiberoma (Jerusalem artichoke) — 0/0; Helioptis 
heUanthoides (sunflower heliopsis) all but root — 0/0; Ratibida pinnata (cone- 
flower)— S/0; Rudbechia siAUmtentosa (sweet coneflower) — 0/0; trUdba (brown- 
eyed Susan) — S/0; Sdphivm irUegrifolium (entire-leaf rosinweed) — S/S; 
S. ladnialum (ccnupass plant) — S/S; S. perfoUatum (cup rosinweed) — 0/0; S. 
terdnnihinaceurn (dock rosinweed) — 0, S/S; Tarutcetum vulgare (common tansy) 
— 0/0; Taraxaunm pcdustre (dandelion) — 0/0; Xanihium pennsyhanicum (cockle- 
bur) — H/O. (14) convolvulaceab: Cuaeuta sp. (dodder) — h/O. (16) Eri- 
caceae: GatiMieria proeunibem (wintergreen) — 0/0; Gaylmsacia baccata (black 
hucklebeny) — S/S; Vaccinium vadlUms (dry-land blueberry) — 0/0. (16) exj- 
fhobbiaceae: Acalypha virginica (three-seeded mercury) — 0/0, S; Euphorbia 
macvMa (nodding spurge)— S/S; E. marginata (snow-on-the-mountain) — 0/0; 
E. supina (spurge) — !-*/+++*. (17) graminbae: Digitaria sanguinalis 
(crab grass) — S/S; Eleuaine indica (goose grass) — S/S. (18) iridaceae: 
IrU sp. (Iris) — 0/0. (19) juglandaceae: Carya sp. (hickory) — 0/0; C. iocint- 
oaa (big-leaf shagbark hickory) — S/0; Juglana nigra (black walnut) — h/O. 
(20) labiatae: Lycopua americanua (American bugleweed) — 0/0; Monarda 
fiatuhaa (bergamot) — S/S; Nepeta calaria (catnip) — S/0; Phyaoategia virginiana 
(Virginia false dragonhead) — 0/0; Prunella vulgaria (selfheal) — 0/0; Teucrium 
canadenae (American germander) — 0/0. (21) lauraceae: Saaaafraa dUndum 
(sassafras) — 0/0. (22) legtjminosae: Apioa americana (potato bean) — 0/0; 
Caaaia nicHtana (small-flower sensitive plant) — S/0; Rbbinia paeudoacada (black 
locust) — 0/S; Strophoatylea helvola (trailing wild bean) — 0/S; Tephroaia virgini- 
ana (Virginia goat’s rue) — S/S. (23) uluceae: Allium cepa (onion) — 1-+, 
S/0; A. aativum (garlic) — l--l--l-/-f--l--l-; Aaparagua offidnalia (garden aspar- 
agus) — 0/0; Convallaria majcdia (lily of the valley) — 0/0; Funkia avbcordata 
(day lily) — 0/0; HemerocdUia fuha (day lily) — 0/0; Smilacina atellata (starry 
false Solomon’s-seal) — 0/0. (24) hagnoliaceab: Ldriodendron tulipifera (tulip 
tree) — 0/S. (26) martyniaceae: Martynia louiaianica (unicorn plant) — 0/-1-. 

(26) mbnispermaceae: Meniapermum canadenae (common moonseed) — S/S. 

(27) nymphabaceae: Nymphaea odortUa (water lily) — 0/0. (28) onagraceae: 
Ludwigia aUemifoUa (seedbox) — 0/-I--I-*; Oenothera pycnocarpa (evening prim- 
rose) — 0/S; (29) osmundaceab: Oamunda dnnamomea (ciimamon fem) — 0/0; 
0. regalia (royal fem) — S/S. (30) oxalidaceae: Oxalia europaea (lady’s sor- 
rel) — l-/-f +,++ + ; 0. grandia (great yellow wood sorrel) — 1-+/++. 
(31) PAPAYACEAB:Caricopapoyo (papaya) — S/S. (32) PHYTOLAccACEAB:PAy- 
tdlaeca americam (pokeberry) leaves, stems, flowers, greenberries — |-+,S/-f -f, 
8. (33) plantaginaceab: PUmtago rugeUi (cennmon plantain) — S/S. (34) 
polyooNaceab: Polygonum arifoUum (halberd-lead teaxthumb) — 0/0; P. avicu- 
Utre (knot weed) — S/S. (36) polypodiaceae: Cyatopteria fragilia (brittle fem) 
— S/S; Onodea amaibilia (sensitive fem) — S/S; Pteridium UUiuaculum (bracken) 
— 0/0. (36) pbintclaceae: Lydmachia nummularia (moneywort) — 0/0. (37) 
ranxtnculacbab: Berberia thurdiergii (Japanese barberry) — 1-+, +/++,+ ; 
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J^iffersonia diphylla (twinleaf) root — 0/S; Ranunculus repens (buttercup) — S/S. 
(38) rosaceab: Agrirnmia parviflora (small flower agrimony) — 0/0; Paeonia 
sp. (peony) — S/S; Prwnws serotina (Black cherry) — 0/0; Spiraea tomentoaa (hard- 
back) — 0/4- -f-f*. (39) bubiaceae: Cephalanthus occidentalis (hairy button- 
bush) — |--i-4-/-f4-4'*. (40) salicaceae: Salix babylcnica (weeping willow) 
— 0/0. (41) saxipragaceae: //ettcAero omcricono (alumroot) — d / Q ) Hydrangea 

arborescens (smooth hydrangea) — 1-*/0. (42) scrophulabiaceae: Mimulus 
alatus (monkey flower) — 0/0. (43) simabubiaceae: Ailanthus aUissima (tree 
of heaven) male and female plants — S/S. (44) solanaceae: Datura stramo- 
nium (Jimson weed) leaves and stem — S/S; Physalis subglabrata (smooth groimd 
cherry) — |-4-/-f4-, S; Solanum carolinense (horse nettle) — 1-4-/0; S. dul- 
camara (bittersweet nightshade) — 0,S/0,S; S. nigrum (common nightshade) — 
S,0/S,0. (45) tiliaceae: Tilia heterophylla (white basswood) — 0/0. (46) 
ttphaceab: Typha latifolia (common cattail) — 0/0. (47) ulmaceae: Ulmus 
amencana (American elm) — 0/0. (48) umbellipebae: Cicuta macuhta (water 

hemlock) — 0/0; Daucus carota (Queen Anne’s lace; wild carrot) — 0/S. (49) 

ubticaceae: Boehmcria cylindrica (false nettle) — 0/0. (50) violaceae: Viola 
sp. (Violet) leaves and petioles — 0/0. (51) vitaceae: Parthenocissus quin- 
quefolia (Virginia creeper) — 0/0. 


DISCUSSION 

From the foregoing list it can be seen that, althougli the juice of several species 
showed antibacterial activity, no specimen was encountered which gave excep- 
tionally high values. It must be remembered, however, that with this method 
of assay it would be necessary for the substance to be of such a nature that it 
would diffuse easily through the agar. It is possible that samples which show 
some activity by this method would be found to have a greater potency when 
tested by another method. Similarly, the method of preparation of the sample 
juice did not include extraction of substances by organic solvents, and it seems 
probable that compounds might be present which would appear only under such 
conditions. In a few samples, particularly Avith Cephalanthus occidentalis, two 
zones of inhibitory activity against B. subtilis were pronounced; this would indi- 
cate the probability of more than one compound. No information is available 
yet on the separation of these. 

It is believed that the inhibitory activity of some samples may be explained 
easily by the presence of well-known substances which are known to be toxic 
(such as oxalic acid, etc.) and may not be due to some new substance. This 
might apply to Allium, Oxcdis, etc. The two species of Ambrosia which were 
tested gave different results, and this was true of several repeat samptes; A. 
trifida conastently failed to show any activity against either test organism 
whereas A. elatior gave strong inhibition in almost every sample tested. 

The high percentage of samples showing stimulation of the test organisms is 
peihaps worthy of mention. When it occurred, the phenmnenon was usually 
so striking as to argue against the probability of a simple nutrient being the only 
stimulatory factor. The basal medium used for seeding is fairly adequate in 
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nutrients; thus the plant juices may have supplied growth factors or similar 
compounds. It would seem that an investigation of this phenomenon might 
yield fruitful results. 


SUMMARY 

The results are reported of a preliminary survey of antibacterial substances 
in a series of 120 or more plant samples collected in Indiana during the summer 
of 1944. The juice of the plants, or particular jwrtions of them, obtained by a 
Carver hydraulic press, was tested for inhibitory activity against BaciUus svb- 
tilis and Escherichia coli with the Oxford cup technique. 

Representatives (1 to 50 specimens) of the following families were included: 
Acanthaceae, Aceraceae, Alismaceae, Anacardiaceae, Anonaceae, Apocynaceae, 
Araceae, Asclepiadaceae, Balsaminaceae, Bignoniaceae, Caprifoliaceae, Celas- 
traceae, Compositae, Convolvulaceae, Ericaceae, Euphorbiaceae, Gramineae, 
Iridaceae, Juglandaceae, Labiatae, Lauraceae, Leguminosae, Liliaceae, Mag- 
noliaceae, Martyniaceae, Menispermaceae, Nymphaeaceae, Onagraceae, Os- 
mundaceae, Oxalidaceae, Papayaceae, Phytolaccaceae, Plantaginaceae, Poly- 
gonaceae, Polypodiaceae, Primulaceae, Ranunculaceae, Rosaceae, Rubiaceae, 
Salicaceae, Saxifragaceae, Scrophulariaceae, Simarubiaceae, Solanaceae, Tili- 
aceae, Typhaceae, Ulmaceae, Umbelliferae, Urticaceae, Violaceae, Vitaceae. 

Although about one tenth of the specimens showed some degree of inhibitory 
activity against one or both test organisms, no sample was encountered which 
gave exceptionally high values. A marked stimulation of growth of the test 
organism was evident with many samples. 
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Because of its high density and low permeability, the bacterial endospore is 
not suitable for direct cytological investigations, and little is known with cer- 
tainty about its internal structure. In this and similar cases it is desirable to 
resort to indirect methods which, although not including tinctorial and micro- 
chemical tests, should, nonetheless, be considered as legitimate methods of cytol- 
ogy. As an example we may refer to the brilliant work of Mudd and Mudd 
(1927) on the wetting property of the cell surface of Mycobacterium tuberculosis. 
Their conclusions were later confirmed for the human strain by the direct 
microchemical studies of the author (Knaysi, 1929). 

Of considerable practical and scientific importance is whether the endospore 
contains reserve material and, if it does, what the nature of that material is. 
There is nothing in the literature to supply that much-needed information; 
one finds only statements that the reserve material of the sporangium gradually 
disappears during the maturation of the endospore, and that it may serve as 
nutritive material for the building of the spore (Meyer, 1899; Preisz, 1904); 
Lewis (1934) considered also the possibility that it may be utilized by the sporan- 
gium in its own metabolic processes. 

The present work was inspired by the observation that endospores of strain 
Cs of Bacillus mycoides washed several times in distilled water and resuspended 
in distilled water have no tendency to germinate. On the other hand, the addi- 
tion of very small quantities of food, in the form of tryptone or meat infusion, 
to the suspension resulted in normal germination of most of the endospores within 
the expected time (Knaysi, 1945). 

These early observations indicated clearly that endospores germinate only 
in the presence of utilizable food, and led us to the obvious corollary that an 
endospore containing reserve material both for energy and the synthesis of 
protoplasmic substances would tend to germinate when suspended in water, 
although the absence of an extraneous supply of food may make further growth 
impossible. The fact that endospores of the strain investigated had no tendency 
to germinate without an extraneous supply of utilizable food could mean either 
that liiey did not contain any reserve material or, if they did, that the reserve 
material was not suitable both as a source of energy and for the building of 
protoplasmic substance. 


METHODS 

Stock auspmsione of the endospores of the strain used in this investi^tion 
(strain Ci of BaciUus mycoides) were prepared ftom 3-day>old cultures of the 

an 
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oigazusm at 33 C. The cultures were grown in large test tubes each containing 
5 ml of the following medium: 100 ml of meat infusion diluted 4 times with 
distilled water + 0.25 g of tryptone + 1.6 g of bacto-agar, pH 7.0-7.2; or on 
that medium + 025 g of glucose. The eadospores from a given culture were 
Busp^ded in about 10 ml of sterile, distilled water, centrifuged down, resus- 
pended in about the same volume of sterile, distilled water, recentrifuged down, 
etc. This process of washing was repeated 5 times over a period of 2 days. The 
final suq>ension was usually free of vegetative cells and could be kept in the 
laboratory for several weeks without significant change in the appearance and 
numbers of the oidospores. 

Numbers of the cellular elements per ml of the various media used were counted 
by the cover-glass method recently described (Knaysi, 1945). 

In view of the fact that the organism investigated is able to utilize glucose 
as a source (d energy and carbon, and KNOi as a source of nitrogen, and that 
its washed endospores can germinate normally and grow into a culture when 
heavily inoculated into the medium (100 ml of distilled water -f 0.2 g of glucose 
+ 0.2 g of KNOj + 0.23 g of an equimolar mixture of KHPO4 and ICjHPOi), 
it was decided to use the components of this medium separately and in various 
combinations. We also used solutions in which lactose, a sugar not fermented 
by the organism, was substituted for glucose. The various solutions and con- 
centrations used are recorded in the table. 

Stock solutions of the various components were sterilized separately and mixed 
aseptically just before use. All test tubes used were thoroughly recleaned 
with dicluomate cleaning solution and, after thorough rinsing with tap water 
then with distilled water, were plugged with fresh cotton and sterilized in the 
inverted position, care being taken that the plugs did not get soaked in water dur- 
ing sterilization. The chemicals used were of the grade “Baker’s Analyzed, C.P.” 
or equivalent brands, and the volume of each suspension was 10 ml. All sus- 
pensions were incubated at 33 C. 

The pH was determined by the “spot plate” method, using the indicators of 
Clark and Lubs. 


RESULTS 

The data recorded in the table show that the washed endospores of strains Cs 
of Bacillus mycoides have no tendency to germinate in distilled vfsA/et or in the 
following aqueous solutions of the in^cat^ strengths: an equimolar mixture of 
KHsPO^ and KiEff*04; potassium phosphate -|- KNO»; or lactose + potassium 
phosphate -t~ ICNOi. In addition to the lack of tendency to germinate in these 
media, one observes no change in the pH of the suspensions containing phosphate, 
and no significant change in the suspenMons not ccmtainii^E a buffer. The pH 
d tire latter suspenmons was so imstable that we had difiiculty in malriiig aomirate 
determinations. 

Typical germination d, tire endospores into normal, rodlike vegetative cells 
and further growtii of these cells were observed in the solutirms containing glucose 
+ potasaum phoqrhate mixture, or glucose -H potassium phogibate mixture + 
KNOt, of tiie concentrations indicated in tal^ 1. Indeed, in tire first d the 



TABLE 1 

Behavior of the washed endosporee of Bacillue mycoidee, strain Ct, when suspended in Ike 

indicated media at SS C 


C01CP08XT10N Of MEOICM 

AGE Of 
SUSPENSION 

Hr Min 

VEGE- 
TATIVE 
CELLS 
FEE IfL 

X lO* 

Distilled water 

2 

20 

0.0 


22 

5 

0,0 


70 

10 

0.0 

Potassium phosphate 

5 

0 

0.0 

mixture, 0.23 g % 

29 

0 


4- KNO„ 0.2 g % 

1 




1 

Potassium phosphate 

5 

15 

0.0 

mixture, 0.23 g % 

29 

30 

0.0 


81 

i 

30 


1 

KNO,, 0.26 g % 

5 

30 

0.0 


24 

10 

0.0 


0 

0 

0.0 


5 i 

1 « 

0.0 


Lactose, 0.5 g % 


3 5 

5 50 

23 50 


Lactose, 0.2 g % -f* 18 

phosphate, 0.23 g 03 

% 4- KNO., 0.2 g 

% 


Glucose, 0.2 g ' 


Glucose, 0,2 g % 4- 
KNO„ 0,2 g % 


0 0 

5 30 

29 30 

81 30 


NOEICAL 
£N1>0- 
8POEEB 
PEE ML 

X io« 

NONEE- 
FEAC- 
TIVE 
BNDO- 
SPOEBS 
PEE ML 

X 10* 

OEE- 
KXNAT- 
ING 
ENOO- 
SPOEES 
PEE ML 

X 10« 

pH 

EEMAEXS 

21.2 

9.1 

0.0 

7.0 


19.7 

11.3 

0.0 

7.6 


27.7 

13,0 

0.0 

7.8 


33.6 

0.0 

0.0 

6.8 


29.0 

*0.2 

0.0 

6.8 


24.5 

1.2 

0.0 

6.9 


32.4 

0.7 

0.0 

7.0 

7.0 

Microscopic ap- 
pearance un- 

changed 

54.5 

2.4 

0.0 

8.2 


67.6 

2.9 

0.0 

7.6 


41.0 

1.2 1 

0.0 

7.6 


39.6 

0.7 

0.0 

7.2 


24.5 

11.0 

0.0 

7.8 


24.5 

12.7 

0.0 

7.8 


25.7 

17.5 

0.0 

7.8 


27.6 

11.8 

0.0 

6.8 

Observations pre- 

28.3 : 

10.3 

j 

0.0 

6.8 

vious to this time 
revealed no 

change in micro- 
scopic picture 

60.5 

4.6 

0.0 

8.0 

Typical germina- 

74.2 

4.1 

1.4 

7.2 

tion 

50.2 1 

5.8 

2.1 

6.3 



0.0 60,5 4.6 0 

0.0 74.2 4.1 1 

0.0 50.2 5.8 2 

No change in micro 
scopic picture 


0,2 

41,6 

4.1 

2.9 

0,0 

28.3 

21.6 

2.9 


No vegetative cells. 
Besides normal 
spores, many shrunk- 
en, refractive ones, 
apparently without 
exine or, occasion- 
ally, attached to an 
exine. Numerous 
shells and shell frag- 
ments. 


7 . 2 Typical germina- 
tion 

4.4 Nonrefractive 

spores are mostly 
shells 

4.0 Germination not 
typical, charac- 
teristic of low pH 
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TABLE 1 — Continued 


COMKISITION or UEOITTM 

AGE or 
SVSrEKStON 

V£G£> 

TATIVE 

CELLS 

VtlLUL 

X lo* 

MOKICAL 

simo> 

8POXEB 

neXML 
X10> 1 

HOMXE- 
rxAC- 
TIVE 
XNI>0- 
sroxES 
PEX ML 

X 10« 

GKX< 
MINAT- 
IMG 
ENDO- 
SPOXES 
PEX ML 

X 

pH 

XEMAXX8 

Hr 

Min 

■ 

Glucose, 0.2 g % -f 

5 

0 

0.0 

16.8 

0.0 

7.2 

6.9 

Typical germina- 

phosphate, 0.23 g% 

28 

45 

8.1 

21.6 I 

12.0 i 

2.4 

6.6 

tion 

1 

i 

77 

30 

Nonmotile cocci, most- 

6.4 





ly large and normal, 






motile rods, 

and 



1 



many sporangia. 




Glucose, 0.2 g % -1- 

0 

0 

0.0 

50.4 

10.2 

0.0 

6.9 

Typical germina- 

phosphate, 0.23 g 

5 

0 

3.1 

24.0 

0.0 

6.5 

6.9 

tion 

%-!- KNO„0.2g 

77 

30 

Typical culture with 

6.0 


% 



pellicle and many 






spores that did 

not 






germinate. No spo- 


1 




rangia yet. 

1 


1 

1 


Note. % — per 100 ml of water. 


the two solutions numerous sporan^a were observed in about 3 days; the sus- 
pension containing KNOt in addition to glucose and phsophate contained no 
sporangia at the end of that period. This is additional evidence to that recently 
presented (Knaysi, 1945) indicating that endospores are formed by healthy 
cells facing starvation. 

The behavior of the endospores in the solutions of glucose or of glucose ■+■ 
KNOs (the concentrations are recorded in table 1) needs special consideration. 
In both solutions the endospores have a tendency to germinate; this is to be 
expected on the basis of the results reported in the preceding section. However, 
t 3 T)ical germination is observed only until the pH drops to a value somewhere 
between 5 and 6. Below this pH, the v^etative cells already formed are unable 
to survive, and t 3 rpical germination is inhibited probably because of the destruc- 
tion of potential cells in the early stages of germination. Finally, the cellular 
demaits in such suspensions consist of a reduced number of unchanged spores 
with pairs and clumps of various sizes in which some still refractive, but appar- 
ently shrunken, endospores are found with nonrefractive spores, shells, and shell 
fragments; occasionally, a refractive body may be seen attached to a cracked 
exine. This phenomenon is particularly noticeable in the suspension containing 
glucose 4- KNO* where the pH reaches a minimum of 4 or sli^tly below, and 
we have come to consider it as typical of a tendency to germinate at a pH too 
low for the survival of tiie organism. It also confirms our previous conclusion 
(Knaysi, 1945) that, in the presence of nutn^ts, endospores tend to germinate 
even in an environment where the germ cell cannot survive. 

Before concluding this report of our observations, we wish to describe the 
bdiavior of certain endospores m suspensions where there is no tendency for 
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normal germination and growth. In those suspensions, a few endospores may 
very slowly become nonrefractive without a noticeable change in size. Although 
most of these spores may still be surrounded by an exine, their frequent presence 
in pairs and sipall groups, sometinies as tetrads, indicates a softening of the 
exine. Occasionally, the exine seems to have disappeared; these are virtually 
vegetative cells, and have a tendency to divide without significant growth, 
appearing as diplococci. This phenomenon needs further study, although we 
are now inclined to believe that the energy necessary for the slight change in 
the endospores may have been derived from a breakdown of the exine. 

DISCUSSION AND CONCLUSIONS 

The data presented in the preceding section and in the table show that endo- 
spores of the organism investigated are able to germinate t 3 rpically into normal 
cells which are able to grow and form endospores in a medium containing 
only glucose and potassium phosphate, without a source of nitrogen. This 
indicates that the endospore contains a relatively considerable amount of a 
nitrogen-containing reserve material. The lack of tendency for normal germi- 
nation and growth in solutions containing KNO», a suitable source of nitrogen, 
with or without phosphate, indicates that this reserve material is not suitable 
as a source of energy, and that the endospore contains no other reserv’e material 
suitable for that purpose. In view of the fact that the vegetative cells of the 
investigated organism are able to deposit fat as reserve material, the results of 
the present investigation mean that the reserve fat of the sporangium is not 
absorbed by the endospore, and that the endospore forms its owm reserve 
material. 

In comparing, at the end of 5 hours, the number of germinating spores in 
a glucose solution with the number of germinating spores in a solution of glucose 
-f potassium phosphate, one is impressed by the accelerating effect of the phos- 
phate; obviously, the phosphate does not act only as a buffer (see the review 
by Barron, 1943). 

A question often asked in connection with the formation of endospores is: 
Is there a limiting concentration of nutrients below which endospore formation 
is not possible? In a previous report (ICna 3 r 8 i, 1945) we have shown that 
endospores can be formed on bacto-agar to which no nutrients have been added. 
The present investigation permits us to be more precise and state that, in the 
presence of a suitable source of energy, the nitrogenous reserve material present 
in the endospores of the strain investigated is sufficient for a completion of the 
cycle from spore to spore. 

Of con^derable interest is the minimum pH reached when endospores are 
suspended in unbuffered solutions of glucose (4.8) or, particularly, glucose 
+ KNO» (4.0 or slightly below). Suspensions of vegetative cells of the same 
strain in the latter solution reach a minimum pH of only 5.0 to 5.2. The differ- 
ence must be sought not only in the low permeability of the exine, but ^so pos- 
sibly in a greater concentration of non^ffusible substances in the endospore, 
as would be expected from a Donnan equilibrium. In any case, it is probable 
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that the internal pH of the vc^tative cell in the solution of glucose + KNOj 
at pH 5 is about the same as that of the endospore in a similar solution at pH 
4.0. The value of that internal pH is of considerable importance and should 
correi^ond to the level of acidity at which \he enzymes which take part in the 
fermentation of glucose are inhibited. The use of such solutions for testing 
sugar fermentation by the usually proteolytic organisms of the genus Bacillus 
recommends itself in preference to the complex media commonly used. 

SUMMARY 

The endospores of strain C 2 of Bacillus mycaides washed five times in distilled 
water are able to germinate normally in a solution of glucose (0.2 g in 100 ml 
of water) without the addition of a source of nitrogen. When this glucose 
solution is buffered with potassium phosphate (0.2 g) at a pH of about 7, ger- 
mination is followed by growth and sporulation. There is no tendency for 
germination in a solution of KNO* (0.2 g -f 100 ml of water) with or without 
potassium phosphate (0.23 g) unless glucose is added. It is concluded that 
endospores of the strain investigated contain relatively large amounts of a 
nitrogen-containing reserve material not suitable as a source of energy, and that 
tiiey contain no other reserve material for that purpose. 

It is shown that endospore suspensions in solutions of glucose or, particularly, 
glucose -f KNO3 reach a minimum pH much below that reached by vegetative 
cells in similar solutions. New evidence is given to show that endospores 
are formed by a healthy cell facing starvation, and the question of a minimum 
concentration of nutrients for sporulation is discussed. 
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From the very begiiming of observations on the bacteriostatic activities 
of penicillin, it was noted that many of the gram-positive bacteria, including 
members of the genera Staphylococcus, Streptococcus, Diplococcus, Clostridium, 
and Corynebacterium, were extremely susceptible, whereas the gram-negative 
organisms, except for the meningococci and gonococci, were highly resistant 
to the bacteriostatic and antibacterial action of this agent. Resistance and 
susceptibility are, of course, relative terms; an organism may be resistant and 
entirely unaffected by concentrations of penicillin maintained in the blood 
stream, even when high doses are administered, but markedly affected by the 
concentrations which might be attained in other body fluids. As shown by 
Rammelkampf and Helm (1943), 2.5 Oxford units per ml of serum are rafely 
attained, and concentrations above 0.25 units per ml of serum are not maintained 
for any appreciable period of time, whereas distinctly higher concentrations 
naiay be maintained for longer periods in the bile. Concentrations of 50 to 
300 units per ml are easily obtained in urine, provided there does not exist 
an active infection with penicillin-destroying organisms, and it is common 
practice to irrigate infected areas with penicillin solutions containing 250 or 
more Oxford units per ml. Many of the gram-negative bacteria, which are 
considered highly resistant when viewed from the standpoint of concentrations 
attainable and maintainable in the blood stream, might be amenable to the 
bacteriostatic action of the concentrations employed in irrigations and attained 
in urine. 

That growth of some gram-negative bacilli is inhibited by penicillin has been 
noted from time to time. Thus Abraham et al. (1941) reported that concentra- 
tions 1,000 times greater than those effective against the highly susceptible 
streptococci, staphylococci, etc., were required for bacteriostatis against some 
members of the genera Sainimdia and Shigella. Robinson (1943) noted that 
a penicillin solution which prevented growth of various gram-positive cocci 
when diluted 1:64,000 (viridans streptococcus) to 1:8,000,000, (hemolytic) 
was effective against SalmoneUa enterilidis in a dilution of 1:4,000 and that to 
bring about bacterioatasis in several other strsdns of SalntmtUa and ShigeUa 
a concentration of 1 : 1,000 was required. Hobby has recently (1944) submitted 
additional data on the bacteriostatic action of penicillin against a number of 
gram-negative bacilli. Typhdd and dysentery bacilli were relatively sensitive. 

In table 1 are presented some observations on the the relative bacteriostatic 

* Colonel, Medical Cotps, U. 8. Army. 

' Ueut. Crdonel, Sanitary Corps, A.U.8. 



624 


A. B. THOBtAS, JB., AND MAX LEVINE 


effect of penicillin, employed for therapeutic use, against a number of stock 
(Army Medical School) and freshly isolated cultures of intestinal bacteria. Beef 


TABLE 1 

Growth of intestinal bacteria in nutrient broth containing penicillin 


OUGANISU 

VIGOR OP GROWTH* 

Cone. (O.U. per ml) 

100 

50 

20 

10 

.s 

2 

i 

None 

E. iyphosa ... 

0 

0 

1 

1 

2 

2 

3 

4 

S. paratyphi ... 

0 

0 

0 

1 

1 

2 

3 

4 

S. schottmuelleri 

0 

0 

0 

0 

2 

4 

4 

4 

S, cholerae-suis 

0 

0 

0 

0 

1 

2 

3 

4 

S. abortivo-equi 

0 

0 

0 

0 

1 

1 

2 

4 

S, enteriiidis 

0 

0 

0 

1 

1 

2 

2 

4 

S. pullorum . . 

0 

0 

0 

0 

2 

3 

4 

4 

S. hershfeldii . . 

0 

0 

0 

0 

0 

0 

1 

4 

S. iyphi-muriurn 

0 

0 

0 

0 

1 

3 

4 

4 

S. oranienburg (case A).. . 

0 

0 

0 

2 

3 

4 

4 

4 

S. oranienburg (case B).. . 

0 

0 

1 

3 

4 

4 

4 

4 

Proteus (sp.) (urine) 

0 

0 

0 

1 

2 

4 

4 

4 

Proteus (sp.) (urine) 

0 

0 

1 

2 

3 

4 

4 

4 

S, dysenteriac 

0 

2 

2 

4 

4 

4 

4 

4 

S,ambigua,. 

0 

0 

0 

1 

1 

2 

4 

4 

S, paradysenteriae V . . . . 

0 

0 

0 1 

0 

n 

4 

4 

4 

S. paradysenteriae W 

0 i 

0 

2 

■■ 


4 

4 

4 

8, paradysenteriae X. 

0 

0 

2 


■I 

4 

4 

1 4 

S, paradysenteriae Y 

0 

0 

1 



4 

4 

4 

S. paradysenteriae Z 

0 

1 

2 

B 


4 

4 

i ^ 

S. neweastle. 

0 

3 

4 

■ 


4 

4 

4 

S, sonnei 

4 

4 

4 

4 

4 

4 

4 


E. coli (stock) 

0 

4 

4 

4 

4 

4 

4 

4 

E, coli (feces) 

0 

2 

3 

4 

4 

i ^ 

4 

4 

E, coli (feces) 

0 

1 

2 

4 

4 

4 

4 

1 4 

E, coli (urine) 

0 

0 

2 

3 

4 

4 

i 4' 

4 

E. communior (water) 


n 

n 

4 

4 

4 

4 

I 4 

E. communior (urine) 


n 

II 

4 

4 

4 

4 

4 

A . aerogenes (feces) . . . . 

1 

3 

4 

4 

4 

4 

4 

4 

A, aerogenes (sp. d.) 

4 

4 

4 

4 

4 

4 

4 

4 


' Figures indicate relative vigor of growth. 


extract broth free from glucose, to which was added pemciUin in the omoentra' 
tions designated, was distributed aseptically into test tubes and inoculated 
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with 0.05 ml of a 20-hour broth culture of the test organisms. Incubation was 
at 37 C and re(T)rds of vigor of gi-owth were made for various periods. 

It, will be noted that half of th(^ Salmomdla strains were distinctly inhibited 
in a relatively low concentration (2 units per ml); 6 of the 10 strains were com- 
pletely pr(‘V('nted fi‘om growing and 2 others grew very poorly in 10 units of 
penicillin per ml. The culturf* of Eberlhella Ujphom was distinctly inhibited 
by two units per ml and markedly affected by 10 units of penicillin per ml, and 
the resistance of tlu* two strains of Proivm was also (comparable to what was 
observ('d for the vari('ti(‘s of Salmonella. 

The strains of Shigrila w(T(* much more resistant, gcaucrally rc'ciuiring 10 to 
20 units per ml to effect appncciable inhibition and 50 or more units i)er ml for 
compl('t(‘ bact(a*i()stasis. Shigella arnlngua was distinctly more susceptible 
and Shigella .sonnei more' r(‘sistant than the other strains of this genus. 

As a grou]), the strains of th(‘ gema-a Eschrnchia and Aerobacter were more 
resistant than those of the genus Shigella, the sucrosonegativT Escherichia 
strains, howevt'r, being distinctly more susc('ptil)le than the sucrose-fermenting 
strains. With the (^\c(*ption of on(‘ strain of Aerobarter, growth of tlu* coliform 
bacteria was markcHlly or cornpk'tely inhibit(‘d l)v 100 units a concentration 
which can r<*adily be attaiiu‘d in urine in the abscana* of penicillin-destroying 
ba(‘t<a’ia. It would then^fore apj)ear that cystitis associat(*d with some members 
of the g(*nera Escherichia, Aerobacler, and Pratais, and with uihuiry carriers of 
typhoid and paratyphoid bacilli might be b(*nefit(Hl by ptnicillin therapy. 

(lardner (1040) noted striking changes in (ailtural and morphologitcal charac- 
teristics among bacilli wlaai growing in inhibitory (‘oncent rat ions of pcmicillin. 
Our obs('rvati()ns with gram-negative int(‘stinal bacteria disclosed that growth 
in li(|uid nuniia, inst(’ad oi Ixing uniformly distributcMl throughout the liquid, 
was granular, restrict(Hl to the surface in some cultuios and to the bottom in 
others. The butyrous consistcxicy so (‘haractcTistic of cultures of the intes- 
tinal group on nutrient agar was supplanted by a rubbery adheiTnt growth as 
the ])(*ni(*illin conccxit rat ions incnxised. 11ie morphological chang(\s varied 
somewhat for the different organisms employed. \’(M*y bizarre involution forms 
wen' ])rodu<*(Hl from long twisting filaments ten to several hundn'd times the 
normal c(4l in the lower inhibitory concentrations to such bizarre forms as c(4ls 
r('S(mbling deformed int(»gration signs, I^astt'ur flasks, swelk'd fusiform bacilli, 
huge globular cells, and irregular masses res(*mbling the pleomorphic forms 
described by Dienes and Smith (1944), Avhen growth was pipsent in higlier con- 
('entrati(.)ns. In some instances, examination of the sedimemt after centrifuging 
broth tubes containing (concentrations of penicillin just above those permitting 
A'isible growth dis(*tos(Mi tin* jinxsence of only large globular mas.ses, whuAi on 
transfer to broth (at intervals up to 10 days) yielded only typically small normal 
bacterial cells characteristic of the organisms in ipiestion. The involution forms 
described w ere leadily visible from routine gram stain preparations, and staining 
with dilute carbol fiudisin frequently brmight out structures Avhich w^ere not 
discernible in the gram stain. These involution forms were produced on agar 
as well as in liquid media. 
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TABLE 2 

Photomicrographa showing effect of penicillin on morphology of gram-negative 

intestinal bacteria 
(Nutrient agar: 48 hr 37 C) 


PHOTO NO. 

GENUS 

PENICILLIN 

(OXFOKD UNITS PEE ML) 

MAGNIFICATION 
(UlAM ) 

1 

Proteus 

None 

280 

2 

Proteus 

10 

330 

3 

Proteus 

20 

330 

.4* 

Proteus 

20 j 

760 

5* 

Proteus 

20 

760 

6 

Salmonella 

10 

280 

7 

Escherichia 

40 

280 

8 

Escherichia 

60 

280 


' Selected fields from no. 3. 


SUMMARY 

The genera of the gram-negative bacilli of the intestinal tract seem to fall 
into the following order of descending susceptibility to penicillin: Salmonella 
and Eberihclla^ Proteus^ Shigella y Escherichia y and Aerobacter. 

Concentrations of penicillin readily attainable in urine (if actively penicillin- 
destroying bacteria are absent) are such as to warrant expectation of bacterio- 
static effects on many species or varieties of the foregoing genera associated 
with urinary infections. 

Changes in cultural characters and bizarre involution forms are produced by 
the gram-negative intestinal bacteria growing in liquid and solid media containing 
inhibitory, but not completely bacteriostatic, concentrations of penicillin. 

The authors express their appreciation to Professor 0. B. Williams of the Uni- 
versity of Texas for the use of equipment and co-operation in the preparation 
of photomicrographs. 
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The observation by Muller (1923) of the value of sodium tetrathionate broth 
as a selective enriching medium for certain members of the enteric group of 
bacteria has been confirmed by a number of workers. Kaufmaim (1930), 
for example, reported 30 per cent more poative isolations from specimens 
enriched in this medium tlian were obtained by direct plating, whereas Schaeffer 
(1935) obtained four times as many. Similar results by others have led to exten- 
sive use of the medium in public health laboratory work. 

Ivanovics (1931), however, has reported observations which cast some doubt 
on the value of the medium. In one series of experiments he noted marked 
inhibition of EbetiheUa typhosa by each of 6 strains of Aercbacter aerogenes after 
incubation in mixed culture in sodium tetrathionate broth for 24 horns. With 
3 of these strains no EbeHheUa colonies appeared on plates streaked from the 
mixture. In another series of experiments with 4 strains of Aerobacter he was 
unable to recover EbertheUa in any instance from 24-hour mixed cultures of 
the two organisms. Only one of the Aerdnuler strains which he used showed 
antagonistic action against EbertheUa in plain broth, and in this one instance 
the effect was very sli^t. Since Aercbacter is of common occurrraice in stool 
specimens, the serious practical import of the work of IvanoAucs is obAuous. 

In connection with some other work we recently have repeated the experi- 
ments of Ivanovics, using a strain of Aerobacter which, unlike those strains tested 
by him, did show moderate antagcmism in plain broth toward EbertheUa. Bolli 
the Aerobacter and the EbertheUa strains which were used have been maintained 
in stock culture for a number of years and have been found repeatedly, both 
before and during the present work, to be culturally and biochemically typical. 
The purity of each was established by picking from isolated colonies on eosin 
methylene blue agar plates. 

The tetrathionate broth was prepared from a proteose peptone oxgall base. 
All other media were prepared from Difco dehydrated products. 

The experimental method followed very closely that used by Ivanovics, 
differing only in that the observations were extended over a longer period of 
incubation and that a pure culture control of EbertheUa in both plain and in 
tetratibdonate broth was included. A loopful of a 24-hour nutrient broth culture 
of each (^)ecies was planted in tubes of plain and of sodium tetrathionate medium. 
After agitation, a standardised loopful from each tube was spread on a plate 
of eosin methylene blue agar with a glass elbow rod. After some preliminary 
work it became possible to obtain regulady an initud ratio (ff EbertheUa to Aero- 
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hacter of 1 : 1 to 1 :2 as deteimined by counting from 400 to 600 colonies on plates 
which had been incubated for from 12 to 16 hours. Ordinarily no difficulty 
was encountered in differentiating the two species on the basis of colony appear- 
ance. In case there was doubt as to the identity of a colony type a transfer 
was made to double sugar medium for confirmation. 

After incubation of the tubes for the intervals shown in the tabulation below, 
each culture was thoroughly shaken and a dilution made in sterile 0.85 per cent 
sodium chloride solution for streaking on eosin methylene blue agar plates. The 
proportion of culture to salt solution was varied when necessary so as to obtain 
about 300 colonies per plate. Growth in the tetrathionate medium was not so 
heavy as in the plain medium, and, consequently, 4 to 5 loopfuls of the tetra- 
thionate culture were required to obtain the same number of colonies as would 
appear from the dilution of a single loopful of plain broth culture in an equal 
amount of salt solution. From these, plate counts were made to determine 
the effect of growth in association upon the ratio of EbertheUa to Aerc^acler. 
An equal amount of the pure culture of EbertheUa was treated the same way in 
order to give a crude quantitative determination of the luxuriance of growth 
in pure culture. By comparison of the pure culture data with the mixed culture 
data it is possible to evaluate in a rough way the degree of antagonism exerted 
by Aerobacter in each medium provided one fact is taken into consideration, 
namely, that the total amount of growth of each organism in mixed culture is 
considerably less — roughly about one half — than that of either in pure culture, 
so that the total number of cells per unit volume of medium after incubation 
is approximately the same for both the pure culture and for the mixture. This 
fact was noted by Fulton (1937) for Sahnonella schottmuetteri and Escherichia 
coli grown in association, and it has been repeatedly confirmed in connection 
with the present work. In the absence of antagonism two species of comparable 
growth rates grown in association should show approximately equal numbers 
of cells per unit volume of medium, and the total of the two should approximate 
the total groui-h of one grown in pure culture. If one species is antagonistic 
to the other, then the ratio of the one to the other at intervals of time may be 
interpreted as an indication of the degree of antagonism. 

The results shown in table 1 are fully typical of those obtained. 

The ratios given in column II support the statement that the strain of Aero- 
bacter showed antagonism against the strain of EbertheUa in plain broth. An 
initial ratio of 1:2 changed to a ratio of 1:300 over a 5-day period, and after 
14 days no EbertheUa colonies could be detected. These ratios, it will be recalled, 
are based upon a usual count of approximately 300 colonies. In column III 
appears the crude comparative quantitative count of the pure culture of EbertheUa. 
At 24 hours, on the baas of the pure culture count, an EbertheUa count from 
the mixture of between 150 and 200 would be predicted in the absence of antago- 
nism. The ratio of 1 :8 means an EbertheUa count of about 35. Similarly at 48 
hours and at 14 days the results speak for an inhibition of EbertheUa by Aero- 
baeter. 

With tetrathionate broth the ratio values given in colunm IV taken alone 
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would indicate that the Aerobacter had little or no effect on the Eberthella since 
no decided change in ratio developed. Columns V and VI, however, indicate 
that antagonism in this medium did occur, since otherwise the counts in column 
VI should be roughly one half of the corresponding counts in column V. A 
comparison of the ratio values in columns II and IV, however, shows that the 
antagonism was much greater in plain broth than in tetrathionate medium. No 
significance can be attached to the tetrathionate results at the 14-day interval 
since by this time EberOieUa had died out in this medium. 

Although tetrathionate broth will not support so luxuriant a growth of either 
organism as will plain broth, it is initially more favorable to EbertheUa than to 
Aerobacter, or else it exerts an initial selective inhibitory action on Aerobacter. 


TABLE 1 

Growth of Eberthella in pure culture and in mixture with Aerobacter in plain and in sodium 

tetrathionate broth 


I 

TIUX IN nouts 

11 

lATIO E/A in 
PLAIN BROTH 

1 

in 

TOTAL EBER- 
THELLA. PURE 
CULTURE IN 
PLAIN BROTH 

IV 

RATIO E/A in 
TETRATHIONATE 

V 

TOTAL EBER- 
THELLA. PURE 
CULTURE IN 
TETRATHIONATE 

j 

VI 

TOTAL EBER- 
THELLA. MIXED 
CULTURE IN 
TETRATHIONATE 

0 

1-2 



1-1 




24 

1-8 

400 

1-3 

500 

50 

48 

1-14 

600 

1-2 

700 

120 

72 

1-100 


1-3 

900 

100 

96 

1-150 


1-2 1 

650 

150 

120 

1-300 

— 

1-3 j 

350 

110 

•14 days 

Pure A 

150 

Pure A 

Sterile 

Pure A 


— not determined. 

* Inoculum at 14 days from plain broth was 4 to 5 times as great as at other intervals; 
from tetrathionate 4 to 5 times less than at other intervals because of heavy late multipli- 
cation of Aerobacter. 


Whatever may be the explanation, the results obtained are exactly the reverse 
of the results reported by Ivanovics. 

In view of the fact that the ratio of contaminants to significant bacterial type, 
after a short incubation period, is the factor of greatest importance in the prac- 
tical use of tetrathionate medium, the results obtained are in favor of the use 
of the medium for enrichment purposes. 

SUMMARY 

A strain of Aerobacter aerogenes which was moderately antagonistic for Eber- 
thelltt iyphoaa was found to show less antagonism in tetrathionate medium than 
in plain brotb. 
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NOTE 

A BACTERIOPHAGELIKE PRINCIPLE FOR PSEUDOMONAS 
PYOCYANEA (PSEUDOMONAS AERUGINOSA) 

L. B. PASTIER 

Pathology Department, Oeneral Hoepital, Wellington, New Zealand 
Received for publication April 9, 1945 

A specimen of feces from a patient with acute colitis was forwarded to the 
laboratory for routine examination and culture. On MacConkey’s medium 
several abnormal colonies of Pseudomonas pyocyanea were noticed. 

The organism was isolated and subcultured on nutrient agar, and where 
growth was confluent the same abnormality previously noticed was present. 
In confluent areas of bacterial growth plaque formation similar to that found 
during bacteriophage activity in the SalmoneUa group was apparent. 

Cultures in trypsin broth were prepared from the plaques and were rendered 
bacteria-free by Seitz filtration. A stock strain of P. pyocyanea which did not 
show plaque formation was treated with serial dilutions of the filtrate. Plaques 
developed in a maximum dilution of 1/10^. 

Secondary growth developed on the plaques. Subculture and treatment of 
these organisms with the phagelike filtrate indicated that some secondary growth 
organisms were lysable, whereas others were not lysable and grew normally. 

These observations lead to the hypothesis that there is a bacteriophage for 
P. pyocyanea and that the phage can exist in susceptible and nonsusceptible 
strains. 

Investigation of this problem is being continued and will be reported at a 
later date. 
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Oral Microorganisms. I. The Type of 
Oral Microorganisms Isolated from 
Mouth Rinsings Plated in Nutrient 
Agar, liohcri G. Sanders and George F. 
Reddish^ Bacteriology Department, Lam- 
bert Pharmacal Co., St. Louis, Mo. 

Sterile water mouth rinses from 19 normal 
subjects were plated by serial dilution tech- 
nique on bacto nutrient agar, and the mor- 
phology and cultural characteristics of more 
than 60 isolations were determined. 

The most striking observation was the 
constant type of colonies observed from 
all individuals. Microscopic examination 


showed that of the 50 isolations studied 90 
per cent were micrococci . The other 10 per 
cent were made up of gram-negative rods, 
yeasts, and sarcina. Of the micrococci 60 
per cent w'ere gram-positive and 40 per cent 
were found to be gram-negative. It is evi- 
dent that the micrococci represent a large 
and constant fraction of the bacterial flora 
of the normal mouth. 

The carbohydrate fermentations of these 
oral micrococci were also determined. The 
possible relation of the production of acid 
from carbohydrates by these organisms to 
dental caries were discussed. 
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of, 207 


Rubber from Cryptostegia leaves by fennen- 
tation, 563 

Salmonella canastel, a new type, 511 

— papuana, a new type, 514 

— sera (title only) , 524 

— types of Maryland, 518 

— types of Southern California, 522 
Schizosaecharomyces adaptation through 

sporulation, 267 

Septicemia caused by Hemophilus in^ 
fluenzae, 520 
Serine assay , 204 
Serology of genus Proteus, 419 
Serum proteins antagonizing sulfonamides, 
79 

Shellfish investigations (title only), 109 
Shigella bacteriophage in blood stream, 237, 
245 

— identification, serologically, 526 
— , incidence and identification, 203 

— types of Southern California, 622 
Soap transmitting athlete’s foot, 109 
Sodium bismuth thioglycollate in endo- 
carditis, 603 

— tetrathionate, effect on Aerohacier, 629 
Spores, heat activation of bacterial, 335 
Sporulation as a means for adaptation, 257 
Sporulation, see Endospores 
Staphylococcus carboxylase dependent 

upon glucose, 68 

— food poisoning, 110 

Starch digestion by Vibrio choUrae, 163 
Streptococci causing endocarditis, 603 
— , fecal, isolated by Perry’s medium, 526 

— fermenting raffinose, 111 

— of cow’s udder, 523 

— oxidising butyric acid, 105 

— requiring pantothenic acid, 41 
Streptococcus faeealis causing gastroenteri- 
tis, 413 

— faeealis oxidising glycerol, 347 

— rniHs, cultivation, 415 

— (viridans) killing Mycobacterium itiber^ 
cuUms, 110 

Streptothricin and Lactobacillus casei, 271 
— resistant bacteria, physiology of, 271 
Structure of anaerobic bacteria, 1 
SuccinchJorimide as disinfectant, 107 
Sugar, spores in, destroyed by ultraviolet, 
414 

— tolerance of yeast, 445 

Sulfadiasine affecting penicillin action, 416 
Sulfadiasine for pertussis treatment. 111 
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SuIfMattfaMiae agaburii ettteiic baoteiiai 19S 
Sulfathiaaole oompeting with pjrruvats, 71 
Snlfonamide isomen, e£Feot upoa eniymea, 
ia» 

Bulfonsmides aftacting inteatinai flora (title 
ool3r),fll9 

— iahibitiag catboxyloae, 65, 71, 79 
— iahibitiag reaiflratioa, 129, 189 

— BOt aatagoniaed by p^aBtiaobeaioie aeid, 

576 

~ aot ialubitiagfonnate fenmatatioa, 129 
Sweet potatoes for alcoholic fenneotatioa, 
624 

Syntbiosis of Akaligenet witii LaeUAaeiUtu, 
> 204 

Byphilis oomplement-fixation test with car* 
diolipia, 199 

Taxonomy, a paraoolonlike bacterium, 613 
Cloatridiim paraaporogenet invalid, 603 
— , Enterobacteriaeeae, 626 
— at genus Proteus, 419, 623 

— of luminous bacteria by their antigens, 

519,647 

, medium for identification of Enterobac- 
teriaoeae, 616 
— , Mima and SereUea, 612 
— , Proteus i^ieoiation, 419, 623 
— , Pseudomonas serology, 624 
-**, SttlmoneUa canastd, 611 
— , Salmonella papuana, 514 
— SalmoneUa types of Maryland, 618 
— , SedmoneUa types of Southern Cidifomia, 
622 

, Shigdla identifioatitm seroiogioally, SX 
— , Shigdla types of Southern Califomia, 

Temperature affecting asidmilatioa, 182 

— affecting endospore formation, 478 
affecting penicUltn, 86 


Tetrathionate broth, ttteet on AsrdbtttMr, 
629 

Thermophilic aerobic bacteria, 639 

— cellulose<splitting bacteria, 206 
spores destroyed by ultraviolet, 414 

Toxins, flocculativa reaction test for, 208 
Treponema earateum causing mal del pinto, 
107 

— pallidum fairly resistant to penicillin, 
626 

— pallidum, growtii with itibamin, 204 
Tr4>ie-sugar iron agar for intestinal bac- 
teria, 616 

Uddmr streptococci, 623 
Ultraviolet light sterilising air, 208 

— rajrs destroying spores in sugar, 414 
Urease formation in Proteus, 419, 437 

Vaccine stability, 109 
Viability of nodule bacteria, 110 
Vibrio (dtolerae digesting starch, 103 
Virus storage for typing, 607 
Viruses and chemotherapy, 627 
Vitamin destruction by nitrite (title only), 
112 

— synthena controlled by metallic ions, 167 

Whooping cough, serum preparation for, 620 

— cough treatment with snlfadiatine and 

serum, 111 

Wound contaminations, 417 

Yeast adapted to galactose by qmrulatioB, 
267 

—production, 315 

~, stt|^ tolerance of distillers’, 446 

— using fl-alanine in place of pantothenic 

acid, 31 
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